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THE FLOOR IS FALLING 


The usual practice of the optical industry is to place the vertical distance center of a 
lens midway between the highest and lowest portion of the lens (at 
geometrical center). 


the vertical 
When there were only saddle and keyhole bridges, and when the 
few lens shapes available were very similar, a patient could change from one pair of 
glasses to another with reasonable assurance that the optical center (vertically) would 
remain relatively constant with the position of the pupil. 


Today with the advent of new and highly individual styles and the increasing use of 
prescription sunglasses, a patient often complains after receiving new glasses that the ground 


is either rising or falling. This will occur with single vision and bifocals, with myopes and 
hyperopes. 


The only basis for such complaints is that the total distance power through the 
90th meridian is great enough to produce markedly different vertical prismatic effects by 


raising or lowering of the optical centers. It should be noted that most people who 


have worn reasonably strong lenses for a period of time are accustomed to looking 


through some amount of prism—either base up or base down. ‘Therefore the objective, 


when grinding new lenses with a different frame style or shape, is not to eliminate the 


vertical prism at any one point but to maintain very closely whatever the patient is accustomed 
to. 


Whenever someone with a dioptric correction of over three diopters has this trouble 
with a new pair of glasses, it is very easy either to spot the optical centers and compare 
the position of these centers with regard to the pupil—or to experimentally raise and 
lower the new glasses in front of the patient’s face. Any and all lenses may be ground 


with their optical centers either raised or lowered from the geometrical center. 


With just a little foresight in lens design, many patients can walk straight who would 
otherwise climb endless hills. 


“Uf it’s a lens problem, let's look at it together” 


THE HOUSE OF VISION—MAKERS OF PRESCRIPTION GLASSES FOR THE 
MEDICAL PROFESSION—WILL BE HAPPY TO FILL YOUR PRESCRIPTIONS. 
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OUR BLIND CHILDREN 


Growing and Learning with 
Them 
By 
BERTHOLD LOWENFELD, 
Ph.D. 


Superintendent, California School for the 
Blind, Berkeley, California 
“Written primarily for the parents of blind 
children but contains a wealth of informa- 
tion which will be useful to social workers, 
teachers, and others who guide parents or 
direct programs of education to meet the 
needs of these children. Both in form 
and substance the book is straight-forward, 
realistic, and accurate.’—From the Fore- 


word by HERBERT R. STOLZ, M.D. 


MEETS THE NEED FOR 
BASIC INFORMATION 
OF PROFESSIONAL 

WORKERS 


“It should be recommended reading not 
only for parents but for all social work- 
ers and teachers who have contact with 
these children.”—-The Journal of the Amer- 
ican Medical Association, 161:484. 

“In addition to a wealth of informative 
material, it provides parents with a touch- 
stone of reassurance and security in deal- 
ing with their problems. Indeed, it will 
help them, not so much with specific prob- 
lems, but to develop a philosophy for deal- 
ing with many problems.”—The Interna- 
tional Journal for the Education of the 


Blind 


224 pages 
Published 1956 


8 illustrations 
Sent on approval, 
$5.50 


COMPARATIVE 
ANATOMY OF THE EYE 


By 
JACK H. PRINCE 


F.B.O.A., F.S.M.C., 
F.R.MLS., 
F.Z.S. (London) 


Assistant Research Professor 
Department of Ophthalmology 
University Hospital 
Ohio State University 
Columbus, Ohio 


Written for the student so far as its 
simplicity is concerned, and for the re- 
search graduate in the way available in- 
formation is tabulated and laboratory 
methods explained, this book includes all 
of the anatomical investigations made by 
the author and some by other experts, 


Features: A section on COMPARA- 
TIVE ANATOMY OF THE ORBIT 
which has apparently not been dealt 
with to any extent previously. 


Correlates sufficient information to enable 
courses on this subject to be prepared 
easily in Veterinary, Ophthalmological and 
Optometrical Colleges. 


RAPID REFERENCE TABLE list- 
ing all known ocular characteristics 
and the habits of each group of 
vertebrates from lampreys to primates. 


His book is not only a reference 
volume for students and more advanced 
specialists, but makes a unique contribu- 
tion to the field, since it is based largely 
on the author's own researches and is 
illustrated with his own drawings and 
photographs.”— The Sight-Saving Review 


422 pages 274 illustrations 
Published 1956 (7 in color) 
Sent on approval, $8.50 
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Instructions to Contributors 


Articles, book reviews, and other materials for publication should be addressed to the Chief 


Editor. Articles are accepted for publication on condition that they are contributed solely to this 
journal, 


An original typescript of an article, with one carbon copy, should be provided; it must be 
double or triple spaced on one side of a standard size page, with at least a 1l-inch margin 
each edge. Another carbon copy should be retained by the author, 


at 


The main title of an article may not contain more than eighty characters and spaces; 
subtitle may be of any length. 


The author’s name should be accompanied by the highest earned academic or medical 
degree which he holds. If academic connections are given for one author of an article, such 
connections must be given for all other authors of the article who have such connections. 


If it is necessary to publish a recognizable photograph of a person, the author should 
notify the publisher that permission to publish has been obtained from the subject himself 
if an adult, or from the parents or guardian if a child. An illustration that has been published 


in another publication should be accompanied by a statement that permission for reproduction 
has been obtained from the author and the original publisher. 


Oversized original illustrations should be photographed and a print on glossy paper sub- 
mitted. Prints of a bluish tinge should be avoided. 


Large photomicrograph prints will be re- 
duced in scale unless portions to be cropped are indicated by the author. The author should 
submit duplicate prints of roentgenograms and photomicrographs with the essential parts that 
are to be emphasized circled, as a guide to the photoengraver. 


Charts and drawings should be in black ink on hard, white paper. Lettering should be 
large enough, uniform, and sharp enough to permit necessary reduction. Glossy prints of x-rays 
are requested, Paper clips should not be used on prints, since their mark shows in reproduc- 
tion, as does writing on the back of prints with hard lead pencil or stiff pen. Labels should 
be prepared and pasted to the back of each illustration showing its number, the author’s name, 


and an abbreviated title of the article, and plainly indicating the top. Charts and illustrations 
must have descriptive legends, grouped on a separate sheet. 


LUSTRATIONS SHOULD BE UNMOUNTED. 


Tables must have captions. IL- 


References to the literature should be limited to those used by the author in preparation of 
the article. They should be typed on a special page at the end of the manuscript. The citation 
should include, in the order given, name of author, title of article (with subtitle), name of peri- 
odical, with volume, page, month—day of month if weekly or biweekly—and year, References 


to books must contain, in the order given, name of author, title of book, city of publication, 
name of publisher, and year of publication. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 


Chicago 10 


“This is what 


we've been 
looking for”... 
say leading Ophthalmologists. 
Developed with the valuable ad- 
vice of Dr. Harvey Thorpe, this 
all-new Bausch & Lomb instru- 
ment provides a degree of speed 
and precision in critical diagnosis 
heretofore unknown. Among 
many new features: 

One-hand “joystick” control, 
giving synchronized focus of mi- 
croscope and slit on any part of 
the eye... 

New “click-set’’ line-and-dot 
setting ... speeds examination... 

New wide-field microscope has 
long working distance and large 
field... 

High intensity light source and 
prefocused lamp, together with 
fluoride coated optics assures new 
brilliance and illumination. 

These are just a few of the 
features that have won such en- 
thusiastic approval of the new 
Bausch & Lomb Thorpe Slit Lamp 
at preliminary showings. Ask your 
distributor for a demonstration. 


The new Bausch Lomb 


Thorpe Sit Lamp 
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USES: Easiest way to examine fundus to the extreme 


periphery. Particularly useful in examining retinal 
detachments, tumors, retrolental fibroplasia, perfora- 
ting wounds, and other pathological conditions prac- 
tically impossible to examine adequately by other 
means in the region anterior to the equator. By means 
of scleral depression technique allows viewing of 
the ora serrata and the posterior portions of the pars 
plana ciliaris. 


ADVANTAGES: The only self-luminous stereoscopic 


indirect ophthalmoscope. Wide field of view excel- 
lent for viewing general fundus topography. Three 
dimensional image and exceptional depth of focus 
clarify details of irregular depth. Brilliant illumina- 
tion. Single, adjustable lightweight head supported 
unit leaves both hands free for holding viewing lens 
and instruments. 


American Optical Company, INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


Announcing! An Improved Model of 
AO-Schepens Binocular Indirect OPHTHALMOSCOPE 


NEW: Adjustable padded leather 
headband individually positions in- 
strument more comfortably. 


NEW: Mirror positioned quickly 
and precisely by means of new easy- 
to-use control knob. 


NEW: Scleral depressor and case 
now supplied with the ophthalmo- 
scope. 


NEW: Compartmented carrying 
case will hold complete unit including 
accessories, spare bulbs and recom- 
mended transformer. 
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THE FIRST 
“PREDNI-STEROID"— 
IN TRUE SOLUTION 


The solubility of ‘HYDELTRASOL’ (prednisolone 21-phos- 
phate as the monosodium salt) in water is 580 mg./cc 


HYD FLTR AS 0 [ THAN HYDROCORTISONE* 


* 


%& The solubility of hydrocortisone 
acetate in water is 0.01 mg./cc. 
Note cloudy white suspension above. 


% The solubility of prednisolone 
acetate is 0.01 mg./cc. Suspended 
particles (as shown above) are 
irritating to eye. 


(PREDNISOLONE 21-PHOSPHATE WITH NEOMYCIN SULFATE) 


Eliminates mechanical irritation—improves 
Clinical response. 


CLINICAL COMMENT; ‘The qualities of predniso- 
lone phosphate appear more desirable . . . than 
those of all previous preparations.’ |. . . the 
phosphate form [HYDELTRASOL] has prevented the 
local irritating effect caused by large clumping 
particles, has been more acceptable to the patients 
and has been clinically effective.’ Lippmann, O., 
Arch. Ophth. 57:399, March 1957. 


'WYDELTRASOL’ and “NEO-HYDELTRASOL’ are trademarks of MERCK & CO., INC. 


SUPPLIED: Sterile Ophthalmic Solution ‘NEO-HYDELTRASOL’—each cc 

contains 5 mg. (0.5%) prednisolone 21 -phosphate as sodium salt and 5 mg. 
neomycin sulfate (equivalent to 3.5 mg. neomycin base); 5-cc. and 2.5-cc. 
dropper vials Also available as Sterile Ophthalmic Solution ‘HYDELTRASOL’ 
0.5%. Ophthaimic Ointment ‘NEO-HYDELTRASOL’—each gram contains 5 mg. 
(0 5%) prednisolone 2! phosphate as sodium salt and 5 mg. neomycin sulfate 
(equivaient to 3.5 mg. neomycin base) in a crystal clear base; 3.5-Gm. tubes. 
Also available as Ophthaimic Ointment ‘HYDELTRASOL’ 0.5% 


MERCK SHARP & DOHME 
Division of MERCK & CO., Inc., Philadelphia 1, Pa. 
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A LLERGAN Specialists in Ophthalmic Preparations 
CORPORATION Los Angeles 17, Calif. 
* Composition of Prednefrin: Prednisolone acetate, phenylephrine HC1, Methylcellulose in 0.12% concentrations. 
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DESIGNED FOR YOUR MOST 
EXACTING REQUIREMENTS 


ETHICON’ opntnacmic NEEDLE SUTURES 


® hand-tinished Micro-Point® needies 

8 unequaled sharpness by hand honing 
8 40% greater strength 

increased stability in needle holder 


® reduced tendency to cut out of tissue 


ETHICON EVE SUTURES with Tru-Tempered reverse cutting needies 


for maximum strength and minimum tendency to cut out of tissue. 


ETHICON 
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A NEW SERIES IN 


EDUCATION 


Titles in the new series 4 


© PARENTS’ PRIVILEGE 


for parents of young children. 
of pre-school and 
age 


© A STORY ABOUT YOU | 
for children in grades 4, 5, and 6 


® FINDING YOURSELF 
for boys and girls of 
approximately junior high 
school age 


® LEARNING ABOUT LOVE 
f | 

of both sexes (ebout 16 to 

20 years of age) 


® FACTS AREN'T ENOUGH 
for adults who have any &% 
responsibility for children 
or youth thet may create 
@ need for an understanding | 
sex education 


Prices of orders 


of any SINGLE title ORDER BLANK 
| apy $ 50 Enclosed is $. (no stamps) for the following pamphlet(s): 
10 copies 4.25 Title Quantity 
25 copies 10.00 1, PARENTS’ PRIVILEGE 
. 3. FINDING YOURSELF 
100 copies 35.00 4. LEARNING ABOUT LOVE s 
250 copies 81.25 


5. FACTS AREN'T ENOUGH 
Complete set of five 


500 copies 150.00 
Set of 5 titles, $2.25 


Please send pamphlet(s) to: 
Distributed by Please Print) 
Order Department Name 
Street 
AMERICAN MEDICAL ASSOCIATION | city 


535 N. Dearborn St. Zone 
Chicago 10, Ill. 
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Neomycin 


lulose vehicle provides 6 to B times 
suspensions, 


MEDICATION... 
B Su cc). 
98.8% effective in 14 meibomianitis and blepharitis. 
lied in two concentrations of 
C 
OAD TAIRA RR 


Its length of 30 em, 
permits a more nearly 
perpendicular position 
and makes deviation 
more evident, 

Folding type 
lightweight plastic. 


Journ, of Ophthal. 
Vol. 43, No. 1, 
Jan, 57 


£-8132 


Exophthalmometer 


LESLIE C. DREWS, M.D., St. Louis, Missouri 


E-5984 A new, simple, reliable model to 
permit comparison and even calibration of 
exophthalmometers. It can be sighted accurately 
at right angles, as its 50 mm. width provides 
excellent parallax. Has a simple second sight- 
ing device to facilitate holding parallel to the 
visual line. 


Complete with case. $20.00 


E-8124 MODEL EYE: enlarged 5 times, on 
base, mounted on bone, suitable for teaching 
purposes, 856. 


E-8132 MODEL EYE: enlarged 4 times, un- 
breakable, can be disassembled. $27.50 


4570 Audubon Avenue, St. Louis 10, Missouri 
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Dependable | Conjunctival 
Anesthesia 


PONTOCAINE BASE 
EYE OINTMENT 0.5% 


Batocaine hydrochloride 0.5% produces highly efficient topical ophthalmic anes- 


thesia for prompt relief in painful eye conditions, removal of foreign bodies, surgery 
and diagnostic procedures. 


Pontocaine hydrochloride is compatible with boric acid, zinc sulfate, eserine, atropine, 


pilocarpine, Neo-Synephrine® hydrochloride and related vasoconstrictors. Incom- 
patible with mercury and silver salts. 


Pontocaine’ 


Hydrochloride 
Pontocaine (brand of tetracaine) and 


Neo-Synephrine (brand of phenylephrine), (|, LABORATORIES New Yous 18, 
trademarks reg. U.S. Pat. Off. 


Weesoe, 


PONTOCAINE HC! 
SOLUTION 0.5% a 
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ALL AMERICAN * 
ATHLETIC GLASSES 


Designed for rough treatment 


Your athlete patients will receive maximum 
comfort and protection during competition if they 
wear ALL AMERICAN* ATHLETIC GLASSES 

. . » practical and useable on all noses for 

almost every sport. 


Extra sturdy all-metal frame 
“Cushion Fit” shock absorbent 
rubber nose piece 


Ends and tempies 
covered to protect 
other players 


Expansible, adjustab! 
Drop-ba Il tested safety 
precision lenses 


Prices on request. A complete sample may be 
ordered at nominal cost from your supplier or 
BENSON OPTICAL COMPANY. 


For your protection and ours, look for the trademark 
Arc on the lenses of every pair of 


ALL AMERICAN * ATHLETIC GLASSES 


Denton Executive Offices @ Minneapolis, Minn. 


LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 
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VOLK 


AMERICAN BIFOCAL CO, ine. 


COINOITD 
Aspherical Glass 


Ophthalmic LENSES* 


o— 


New Sight For 
Limited Vision Patients 


* 
The original aspheric glass lens recently developed by Dr. David 
Volk, as exhibited at the Section on Ophthalmology, A.M.A. 
June 1957. Awarded Certificate of Merit for excellence of exhibit 
and first prize in the section on Ophthalmology, by the Awards 
committees of the American Medical Association. 


SUPPLIED BY LEADING INDEPENDENT WHOLESALERS 
ABC DISTRIBUTORS 


MANUFACTURED EXCLUSIVELY BY AMERICAN BIFOCAL CO., INC. 


SPECIFY ABC 
For the finest in Kryptoks and Straight-Top Bifocals and Trifocals 


AMERICAN BIFOCAL COMPANY INC. 


1440 ST. CLAIR AVENUE 
CLEVELAND, OHIO 
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new corneal anesthetic 
rapid action and 


short duration* 


virtually nonsensitizing 

rarely —if ever —causes sensitivity 
reactions to the eye of the patient or 
the hands of the physician. 


virtually nonirritating 

does not sting or burn when dropped 
into the eye--changes in the corneal 
epithelium or hyperemia of the con- 
junctiva rarely oceur. 


Average dose: for tonometry, 2 drops. For minor 
surgical procedures, 2 drops instilled 3 times at 
00 second intervals. 


Supplied: sterile normal saline solution with 
0.02% Butoben as preservative, and containing 
04% Dorsacaine Hydrochloride (benoxinate 
hydrochloride). In ‘4 oz. plastic squeeze bottle 
with dropper tip which delivers uniform drops 
(approximately 45 drops per ee.). 


*Schiegel, and Bwan, K.C.: A.M.A. Arch. Ophth. 
41:063 (May) 1054. Emmerich, R.; Carter, G.Z., and 
HKerens, C.: An Experimental Clinical Evaluation of Dor- 
sacaine Hydrochloride (Benoxinate, Novesine), report on 
the instillation of a 0.4 per cent solution, Am. J, Ophth. 
40:841 (Dee.) 1055, Fasanella, R. M.: Glaucoma in Gen- 
eral Medical Practice, Connecticut M.J. 20/282 (April) 
1956. 


DORSACAINE’ 


HYDROCHLORIDE 


SMITH-DORBSEY ¢ Lincoln, Nebraska ¢ a division of The Wander Company 
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MANAGEMENT OF 


COMPLICATIONS 
IN EYE 


SURGERY 
How to Avoid Pitfalls and How to Treat Difficult Situations in Ophthalmic Operations 
Edited by R. M. FASANELLA, M.D. 


CONTRIBUTORS 


Walter S. Atkinson, Raynold N, Berke, 
Philip K. Bondy, Harold W. Brown, Chu H. 
Chang, Gerald Fonda, Charles E. lliff, Peter 
Kronfeld, Irving Leopold, Harvey A. Lin- 
coff, John Chenault Long, R. Robb Me- 
Donald, R. Townley Paton, Harold C. Pat- 
terson, D. K. Pischel, Donald Shafer, Byron 
Smith, Edmund B,. Spaeth, William Stone, 
Harvey E. Thorpe 


21 AUTHORITIES have pooled their vast fund of 
experience and knowledge to produce this book, 


CONTENTS 


Anesthetic Complications 
Medical Complications 
Psychiatric Aspects of Ocular Surgery 
Complications of Intraocular Foreign 
Bodies 
Complications in Ptosis Surgery 
Pitfalls and Complications in Surgery and 
Trauma of the Lacrimal Apparatus 
Complications of Keratoplasty 
Complications in Iris Surgery and 
Trauma 
Reoperations and Complications 
Following Glaucoma Operations 


which begins where most 
standard works in eye surgery 
usually end. It explains 


A UNIQUE NEW BOOK 


Complications of 
Cataract Surgery 


clearly and illustrates graphically just what tech- 
niques and methods these specialists use and recom- 
mend to avoid the pitfalls and complications a 
surgeon may encounter during and after difficult 
eye surgery. 

Look at the comprehensive range of subjects listed 
in the contents shown on the right. These are the 
vital, current problems that eye surgeons encounter 
in their day to day work. Individual topics discussed 
are such practical ones as: How to select patients for 
ocular surgery under local anesthesia; Various meth- 
ods for exposing and removing complicated imbedded 
corneal foreign bodies; Pitfalls of manipulation in 
iris surgery; Step-by-step consideration of hemor- 
rhage as an early complication, etc. 

A short summary of principles of the favored opera- 
tion is given under each subject to orient the dis- 
cussion. Coverage of operations which are obsolete, 
or soon to become so, have been omitted. Discussions 
include the many new instruments, new needles and 
sutures, new drugs and techniques that have recently 
expanded the surgical field of ophthalmology. 

By 21 Edited by BR. M. M.D., Chairman 
of the Section of Ophthalmology, Yale University School of Medi- 
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The Nature of Vergence Revealed by 


Electromyography 


II. Accommodative and Fusional V ergence 


GOODWIN M. BREININ, M.D., New York 


This paper is one of a series of studies 
in vergence investigated by means of elec- 
tromyography, parts of which have been 
previously reported.'* The present study is 
concerned with accommodative and fusional 
vergence. 

The technique has been fully described 
in previous reports.’* The energy levels of 
various positions have been determined with 
the integrator. I have deliberately inserted 
electrodes into only one muscle in many 
cases to minimize artefacts induced by mul- 
tiple needle placements. The latter is a defi- 
nitely limiting factor in evaluating fusional 
amplitudes and is conducive to blurriness 
of vision in the tested eye. Nevertheless, 
simultaneous studies of both medial and 
lateral rectus confirm the findings to be re- 
ported, The lateral rectus has often been 
selected for testing because the question of 
divergence is of considerable interest and 
because there is thus little interference with 
vision or examination. In some studies very 
fine electrodes (No. 31 needles) were used. 
These are less traumatic but at many times 
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may undergo displacement. No lid speculum 
is necessary, but care should be exercised to 
avoid artefacts of lid pressure, 


A. Approximation Vergence 


1. Binocular Fixation.—-When a fixation 
object is binocularly;viewed in the midline, 
the convergence necessitated is manifested 
by an increased innervation to the medial 
recti, with a concomitant decrease of 

nervation to the lateral recti. When the 
fixation object is smoothly approximated to 
the eyes in the midline, eliciting either ac- 
commodative or fusional convergence, or 
both, at the moment when the near point 
of convergence is exceeded there is an in- 
creased innervation to the lateral rectus of 
the diverging eye, with a reciprocal inhibi- 
tion of its medial rectus (Fig. 1). At this 
point, the fixing eye shows almost no change 
in the level of innervation of either lateral 
or medial rectus, despite the fact that the 
diverging eye may undergo greater and 
greater divergence. The same phenomenon 
may be noted when an object is smoothly 
approximated in the fixation axis of one eye, 
In this 
instance, the lateral and medial recti of the 
eye toward which the object is being ap- 
proximated show almost no change of in- 
nervation (Figs, 2 and 3), The eye which 
is undergoing the burden 


i.e., by an asymmetric convergence, 


of movement, 
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Fig. 1—Divergence from NPC. Right lateral rectus, upper trace; integrator, lower trace. 
A, convergence to NPC with break into divergence; B, converging; C, divergence, active. 


Fig. 2.—Approximation vergence. Left lateral 
rectus, upper trace; left medial rectus, lower trace. 
Approximation in axis O, S.: A, start; B, end 
(no change—O. S. stationary). (Undulation of 
upper trace is an artefact.) Approximation in 
axis O. D.: C, start; D, end (change—O. D. con- 
verged), 


however, shows the expected large altera- 
tions of innervation (Figs. 2 and 4). This 
has been previously described.” 

In studying asymmetric convergence in 
a group of normal persons it has been a 
frequent finding that when the near point 
of convergence has been exceeded there is 
a lateroversion of the ipsilateral eye (Tig. 
3). In other words, the increasing conver- 
gence innervation must be neutralized by an 
increasing lateroversion innervation in the 
eye toward which the object is being ap- 
proximated. This eventually may prepon- 
derate over fixation, forcing the ipsilateral 
eye into an actual lateroversion movement. 
This is further evidence for the compound 
nature of such movements. As a result, the 
innervation of the horizontal recti of the 
ipsilateral eye will show no change up until 
the near point of convergence (NPC), at 
which point an increase of lateral rectus 
firing and reciprocal decrease of medial 
rectus firing initiates the lateral movement. 
At no time is there a simultaneous increase 
in the innervation of both medial and lateral 
rectus of the ipsilateral eye. The reciprocity 
mechanism is thus always in evidence. It is 
of interest that at the moment the ipsilateral 
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Fig. 3.—Approximation vergence. Right lateral rectus, upper trace; integrator, lower 
trace. Approximation in axis O. D.: A, start; B, near end (no change); C, version, 


eye gives up fixation it appears to be in- approximation of a fixation object along the 
volved in a conjugate movement with the fixation axis of one eye, The experiment 
opposite eye. It should be pointed out that in which two fixation objects are placed at 
these movements are induced by a smooth different distances in the axis of one eye and 


Fig. 4.—Approximation vergence. Right lateral rectus, upper trace; integrator, lower 
trace. Approximation in axis O, S.: A, start; B, middle (decreases as eye converges); C, 
end, with divergence. 
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then the other is not comparable, for in 
this instance there is a discontinuity in the 
adjustment of innervation, As a result, 
there usually occurs first a version move- 
ment of both eyes followed by a conver- 
gence, and so the end-result is the same. 
The fractionated nature of the dual move- 
ment, however, is immediately apparent to 
the naked eye. No special methods of ob- 
servation are required to note this simple 
clinical fact, although it is readily recorded 
and analyzed by the electro-oculogram ° or 
optical devices.° Similar findings are noted 
in prism jump experiments, where discrete 
increases of prism power are placed before 
one eye, There is no opportunity in these 
examples for smooth adjustment of in- 
nervation, and a dual movement is exhibited. 

2. Monocular Fixation.—-\f asymmetric 
convergence is repeated, this time with only 
one eye fixing and the other eye covered, 
identical findings are obtained. In this in- 
stance, we are dealing with the effects of 
accommodative vergence, although the proxi- 
mal factor may also be involved. In the 
previous instance, with both eyes fixing, we 
had fusional vergence as well. Again, the 


Fig. 5.—Prism convergence. 


the subject directed to look first at one and 


Right lateral 
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fixing eye shows no change in its innerva- 
tion, whereas the occluded eye shows the 
expected alteration. 


B. Prism Vergence 

In order to isolate the phenomenon of 
fusional vergence, a haploscopic device or 
prisms may be used. In the case of prisms 
placed before one eye, we find comparable 
results, namely, the eye before which 
prisms are placed and which consequently 
undergoes a deviation shows the expected 
alteration of innervation to the horizontal 
muscles. That is, with base-out prisms the 
medial rectus augments while the lateral 
rectus decrements, When the fusional:limit 
is passed a divergence burst occurs (lig. 
5). At the same time, the eye which is 
fixing without prisms and which hence un- 
dergoes no movement exhibits no change in 
its innervation as prismatic power is gradu- 
ally increased until the limit of fusion is 
reached and diplopia occurs (Fig. 6). At 
this point one occasionally sees a laterover- 
sion of the eye which is fixing without 
prisms. In other words, the increasing pris- 
matic convergence innervation forces greater 
and greater amounts of lateroversion in- 


rectus, upper trace; integrator, lower trace. 
Prisms before O. D. A, start; B, middle, decreasing; C, end, with divergence. 
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Fig. 6.—Prism convergence. 


Right lateral rectus, upper trace; integrator, lower trace. 


Prisms before O. S. A, start; B, end (no change). 


nervation upon the contralateral eye until, 
when fusion is exceeded, the version im- 
pulse preponderates and it rotates out. There 
is, thus, an entirely analogous situation in 
the case of prismatic deviations. 


C. Haploscope Vergence 
The same experiment can be carried out 
with the use of a haploscope. When the 


patient is seated at the major amblyoscope 
and both tubes are converged or diverged 


Fig. 7.—Haploscope vergence. 
Symmetrical divergence 
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symmetrically, there is the expected sym- 
metrical alteration of the 
When _fusional is exceeded, 
there may be a divergence movement of one 
eye with an increased discharge of its lateral 


rectus and decreased discharge of its medial 


innervations, 
convergence 


rectus, 
Fusional amplitudes measured from the 
dissociated position show that a true active 


divergence does occur which cannot be con- 


Right lateral rectus, upper trace; integrator, lower trace. 
A, start; B, end, increases, 


: 
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Fig. 8.—Haploscope vergence. 
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Right lateral rectus, upper trace; integrator, lower trace. 


Asymmetric convergence. O. D. stationary. A, start; B, end (no change). 


strued as a relaxation of convergence ( lig. 
7). 

If only one tube is converged while the 
subject binocularly fixates the targets, the 
situation is that of asymmetric convergence. 
Again, the stationary eye shows almost no 
change in its medial and lateral rectus in- 
nervation (Fig. 8), whereas the other eye, 
following the target, experiences the appro- 
priate changes of innervation, As the con- 
vergence is continued there comes a point 

Fig. 9.—Haploscope vergence. 


stationary. Asymmetric convergence 
until active divergence occurs. 


where fusion is exceeded and the patient 
becomes aware of diplopia. The diverging 
eye exhibits a burst of innervation to the 


lateral rectus (Fig. 9). It is occasionally 


noted that the eye which previously had not 
moved may undergo a lateroversion, exhibit- 
ing the necessary increase of innervation to 
its lateral rectus and inhibition of its medial 
rectus. 


Asymmetric divergence exhibits 


similar findings (igs. 10 and 11). 


Right lateral rectus, upper trace; integrator, lower trace. 
A, start; B, end, with divergence, decreases 
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Fig. 10.—Haploscope vergence. 


Right lateral rectus, upper trace; integrator, lower trace. 


Asymmetric divergence. ©. D. stationary. A, start; B, end (no change). 


All tests give similar results and con- 
firm the thesis that an eye which does not 
move experiences no significant change in 
the levels of innervation of its horizontal 
recti muscles. This must not be interpreted 
as a monocular dissociation but is a reflec- 
tion of the central adjustment of version 
and vergence movements. 


D. Lens Vergence (Accommodative) 


We may evaluate the interplay of ac- 
commodative and fusional vergence by inter- 
posing lenses while the subject binocularly 
views fusion targets. On the major amblyo- 
scope, when concave lenses are interposed 
accommodative convergence is necessitated 
(Fig 12); convex lenses inhibit accommo- 


Fig. 11.—Haploscope vergence. Right lateral rectus, upper trace; integrator, lower trace. 


O. S. stationary. Asymmetric divergence. 


A, start; B, end, increases. 
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Fig. 12.—Accommodative vergence 


Fig. 13.—Accommodative vergence. 


Right lateral rectus, upper trace; integrator, lower 
trace; —-2 sphere before O. S. A, before; B, after, decreased as eye converged. 


Right lateral rectus, 


trace; —-2 sphere O. U. A, before; B, after (no change). 


Fig. 14.—Accommodative vergence. 


trace; 2 sphere before O. D. A, before; B 


Right lateral rectus, 


upper trace; integrator, lower 


upper trace; integrator, lower 


after (no change). 
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dative convergence. So long as both eyes 
are fixing, within the limits of the relative 
fusional divergence, increments of concave 
lens power produce no change of imnerva- 
tion to the horizontal recti of either eye 
(Figs. 13 and 14), At the moment when 
relative fusional divergence is exceeded, one 
eye swings in, with the appropriate altera- 
tions of its innervation, Up to this point 
the increasing increments of accommodative 
convergence were neutralized by equal in- 
crements of fusional divergence. Thus, no 
change was apparent in the levels of inner- 
vation of the horizontal muscles. During 
the addition of minus lenses, if one tube was 
darkened or the eye was covered that eye 
immediately swung in, revealing the under- 
lying accommodative convergence no longer 
neutralized by the fusional divergence (Fig. 


12). 
Conclusion 


It is of considerable importance to realize 
that all studies confirm the general principle 
that the outflow of innervation into the mo- 
tor nerves of the extraocular muscles ex- 
presses the centrally adjusted innervation of 
opposing forces. Normally, cocontraction 
of antagonistic muscles does not occur; in- 
creased innervation of a medial rectus is 
never counterbalanced by an equivalent in- 
crease in the antagonist lateral rectus. 

An important corollary of these data is 
the fact that the training of relative fusional 
vergence by lenses cannot build greater mus- 
cle power. The increase of such fusional 
amplitudes is necessarily a central phenome- 
non. It is probable that this also applies to 
ordinary fusion training. It should be re- 
membered that only a moving eye experi- 
ences a peripheral innervational change. 

The forces determining the binocular po- 
sition may be summed up as follows: The 
innervation-free anatomic position (estab- 
lished under general anesthesia) is modified 
by tonic innervation, accommodation, fu- 
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sion, the proximity factor, and fixation. 
Each of these can be removed by suitable 
measures, and all are not necessarily pres- 
ent at any given moment. Opposing forces 
do not exert a tug of war in a struggle for 
supremacy but are integrated in the brain, 
the vector resultant emerging in the final 
common path as a simple reciprocity mecha- 
nism. 


Summary 


Analysis of the: interplay of accommoda- 
tive vergence, fusional vergence, and the 
effects of lenses in normal subjects has re- 
vealed a basic uniformity in the motor re- 
sponse of the extraocular muscles, This 
consists in the outflow of a vector resultant 
of innervation produced by central adjust- 
ment of all forms of vergence and version 
innervation. The final common path is ex- 
pressed as a clear-cut reciprocity mecha- 
nism in which cocontraction play no part. 

Fusional divergence is an active process. 

Fusion training is a central phenomenon, 
which does not result in greater muscle 
power. 

550 Ist Ave. (16). 
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Introduction 


In a previous study! evidence was pro- 
duced that systemic administration of iodo- 
acetic acid (LAA) and ionizing radiation, 
when administered to the eye only, elicit very 
similar ocular lesions, The clinical and histo- 
logical changes produced by these two dif- 
ferent agents in the lens and retina of rabbits 
correlate surprisingly well. However, there 
were some significant differences observed 
with regard to the latent periods of the 
exudative changes in the aqueous humor and 
vitreous (Table 1). The exudation appeared 


1—Comparison of 1AA*- and X-Ray t- 
Induced Changes in Aqueous and Vitreous of 
Rabbits 


Latent Period 
Tissue Pathologic Changes” IAA X-Rays 
Aqueous Serous exudation 2days 6hr. 
Cellular exudation 2days 6hr. 
Vitreous Cellular exudation 4 days 24 days 


of per kilogram of body weight. 
somewhat earlier after irradiation than after 
1AA. The most puzzling feature, however, 
was presented by the fact that the leading 
cell type in the exudate of irradiated eyes 
consisted of polymorphonucleocytes, whereas 
the exudate in the eyes of ILAA-treated 
animals was dominated by red blood cells. 
Such a difference in the exudative mani- 
festations was difficult to understand and 
certainly was in contradiction to the com- 
monly favored view that both IAA and 
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ionizing radiation exert their effect by a 
similar mechanism, i. e., by inhibition of 
enzymes containing free sulfhydryl groups. 
Since the white blood cells (WBC) contain 
such enzymes (Beck,? McKinney et al.,* 
Wagner et al.**), it was suggestive that in 
the case of LAA, in which the animals were 
affected systemically, the carbohydrate me- 
tabolism was inhibited in all WBC of the 
body, with the consequent result of a general 
impairment of their activity. To support 


such a concept the present study has been 
undertaken, 


Methods 


Albino rabbits varying from 1.7 to 2.3 kg. 
were employed, They were divided into 
several groups which were subjected to 
various kinds of trauma to the cornea, as 
outlined below. As the prime agent of leuko- 
taxic effect, turpentine was used. It was 
injected into the corneal stroma with a very 
fine needle in amounts of about 0.02 cc. 
The solution of sodium iodoacetate used for 
the intravenous injections into the ear veins 
of the rabbits had a concentration of 1% 
and a pH of 7.4. The total doses of sodium 
iodoacetate given ranged from 30 to 70 mg. 
per kilogram body weight. In case of local 
administration of LAA the concentration of 
the solutions varied from 0.1% to 1%. 

The animals were killed at given intervals, 
as indicated in the tables related to the 
pertinent experiments. The eyes were 
enucleated immediately after death, fixated 
in formalin, sectioned, and stained with 
hematoxylin and eosin. The histological sec- 
tions were examined for the presence of 
leukocytes, edema, necrosis, and disappear- 
ance of corneal corpuscles. They were clas- 
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Taste 2.—Infiltration of the Rabbit Cornea by 
Leukocytes Following Injury by Turpentine * With 
and ‘ithout Systemic « Administration of 4 


With I. V. Without 
Administration Administration 
of IAA of 1A A 
Time of Kyes, Degree of Eyes, Degree of 
Killing, Hr. No. Infiltration ¢ No. Infiltration ¢ 
14 5 
5 1 + 
6 lot 1 + 
4§ - 1 + 
12 4) 1 + 
24 4q 4 + 
24 a + 10 ++ 
24 2¢ + 


2 +to+ in 77% 2 +4to++in77% 
of eyes of eyes 


* Dose of 0.02 ce. injected into corneal stroma. 
t—, no infiltration (Fig. 1); +, slight infiltration (Fig. 2); 
+, moderate infiltration (Fig. 3); ++, marked infiltration 
(Figs. 4 and 5). 
t Animals received a second injection of LAA of 10 mg. per 
kilogram three hours later; total dose, 40 mg. per kilogram. 
§ Animals received a second injection of IAA of 20 mg. per 
kilogram three hours later; total dose, 50 mg. per kilogram. 
Animals received a second injection of LAA of 20 mg. per 
kilogram three hours a and a third, six hours later. Total 
dose, 70 mg. per kilogra 
Dose of [AA given was 00 tig. per kilogram of body weight. 


sified with regard to the degree of leukocytic 
infiltration as indicated by the footnote to 
Table 2 and the legends of Figures 1 to 4. 


Experiments and Results 


EXPERIMENT 1.—Experiment 1 was con- 
ducted to determine whether the systemic 
administration of IAA would prevent the 
migration of leukocytes into the cornea in- 


Fig. 1. — Histological 
section of normal rabbit 
cornea. Absence of leuko- 
cytic infiltration (—). 
Formalin, hematoxylin 
and eosin; reduced about 
from mag. 44. 
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jured by turpentine. The data in Table 2 
show that following intrastromal injection 
of turpentine a cellular infiltration of the 
cornea of the control animals was apparent 
within five hours. The migration of the 
leukocytes occurred preferably in the inter- 
lamellar spaces of the anterior third of the 
corneal stroma, as shown in Figures 3 and 
4. The degree of leukocytic infiltration in- 
creased with time and was, in general, 
significantly greater at the limbal side of 
the corneal wounds than in the center. The 
density of the infiltration was usually the 
greater the thicker the layer of corneal 
stroma involved. The area of turpentine in- 
jection showed a decreased number of cor- 
neal corpuscles and signs of severe damage 
of the stroma in form of pallor and swelling. 
The leukocytic infiltration comprised the 
entire thickness of the cornea at the limbal 
side of the injury in the severest cases (lig. 
5). In the 16 animals with intravenous ad- 
ministration of IAA (30 to 70 mg. per 
kilogram body weight) and injury of the 
cornea by turpentine, the migration of the 
leukocytes into the corneal stroma could be 
delayed for over a period of 24 hours. If a 
single dose of IAA (30 mg. per kilogram) 
was given, leukocytic infiltration of the 
cornea was observed in more than 50% of 
the animals prior to 24 hours. However, 
the degree of infiltration in these cases 
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appeared to be much less than in the animals 
injured by turpentine without systemic ad- 
ministration of IAA. Three of the seven 
animals with a single dose of IAA did not 
show any migratory activity at all within 
the 24 hours of observation. Whenever 
leukocytic infiltration in the cornea was 
observed, the endothelium was found af- 
fected in form of swelling, cellular deposits 
at the posterior surface of the cornea, and, 
sometimes, desquamation, 

The result of the first experiment may be 
summarized as follows: Of the 28 eyes of 


Fig. 3—Moderate 
leukocytic infiltration 
(+) of rabbit cornea, 
12 hours after intra- 
stromal injection of 0.02 
ce. turpentine. Note deep 
corneal wound at site of 
injection (at left), ac- 
cumulation of leukocytes, 
and swelling preferen- 
tially at limbal side (at 
right). Formalin, hema- 
toxylin and eosin; re- 
duced about ™% from 
mag. 44 
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Fig. 2.—-Slight leuko- 
cytic infiltration (+) of 
rabbit cornea, nine hours 
after intrastromal injec- 
tion of 0.02 cc. turpentine 
(at left), Moderate 
swelling of stroma and 
desquamation of epithe- 
lium. Formalin, hema- 
toxylin and eosin ; 
reduced about ™% from 
mag. 44 


16 animals subjected to systemic administra- 
tion of IAA, 27% showed a mild to medium 
degree of leukocytic infiltration within 24 
hours ; whereas, in the 20 eyes of 18 animals 
injured by turpentine without systemic IAA, 
77% developed a mild to severe degree of 
leukocytic infiltration. The inhibitory effect 
of systemic administration of [AA upon the 
migration of leukocytes into the cornea in- 
jured by turpentine is illustrated by Figures 
6 and 7. 

EXPERIMENTS 2 and 3.—These experi- 
ments were conducted to determine whether 
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local administration of IAA effects the 
cellular infiltration of the turpentine-injured 
cornea by leukocytes. In Experiment 2 the 
right eyes of six rabbits were subjected to 
subconjunctival injections of 0.1% to 1.0% 
solutions of IAA around the limbus, as indi- 
cated in Table 3. The left eyes of the same 
animals were also treated with turpentine, 
without the perilimbal injection of IAA, 
however. All animals were killed after 24 
hours, The results of these experiments in- 
dicate that subconjunctival injections of 
IAA did not prevent the migration of leuko- 


Fig. 5—As Figure 4, 
but whole thickness of 
cornea involved at limbal 
side. Protein precipitation 
and leukocytic deposits at 
posterior surface of cor- 
nea. Area of subepithe- 
lial edema to the right of 
wound, Formalin, hema- 
toxylin and eosin; re- 
duced about 4% from mag. 


«x 4 


Hong et al. 


Fig. 4.—Marked leuko- 
cytic infiltration (+--+) 
of rabbit cornea, 24 hours 
after intrastromal injec- 
tion of 0.02 cc. turpentine 
(at left). Descemet's 
membrane and endothe- 
lium artificially detached. 
Formalin, hematoxylin 
and eosin; reduced about 
from mag. 44. 


cytes to the area injured by turpentine. 
There was no significant difference between 
the LAA-injected and the control eyes. 

In Experiment 3, [AA, 0.02 ce. of a 0.5% 
solution, was injected into the stroma of the 
right eyes of 12 rabbits. The left eyes of 
the same animals received an intrastromal 
injection of physiological saline solution in 
equivalent amount. No turpentine was used 
in this group of animals, 

The illustrations in Figures 8 and 9 and 
the data in Table 4 indicate that LAA itself, 
when injected into the corneal stroma, can 
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Fig. 7.—Large corneal 
defect, 24 hours after 
turpentine injection into 
stroma. Intravenous in- 
jection of 30 mg. IAA 
per kilogram of body 
weight prevented leuko- 
cytic infiltration to trau- 
matized cornea. Formalin, 
hematoxylin and eosin; 
reduced about 4% from 
mag. 4. 


produce a mild leukoeytic reaction which 
develops after 24 hours. This reaction to 
IAA was associated with epithelial and 
stromal swelling of the entire cornea which 
lasted from 60 to 72 hours, Denudation of 
the epithelium was observed in a few cases. 
The endothelium did not appear affected 
significantly. No leukocytic infiltration was 
observed in the control eyes, which had been 
subjected to injections of physiological 
saline. 

EXPERIMENT 4.—-Two experiments were 
conducted to determine the effect of 
steroids on the cellular infiltration of the 
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Fig. 6.—Section of cor- 
nea 12 hours after tur- 
pentine injection of rabbit 
treated with intravenous 
injection of IAA (70 mg. 
per kilogram). Note ab- 
sence of leukocytes. Des- 
quamation of epithelium 
over area of injection (at 
left). Formalin, hema- 
toxylin and eosin; re- 
duced about % from mag. 


x 4 


cornea following injury by turpentine in- 
jection to both eyes. In the first group 10 
animals were employed, the right eyes of 
which were treated with Metimyd * applied 
every two hours over a period of eight hours 
following the injection of turpentine. The 
left eyes, also injured by turpentine, served 
as controls, The animals were killed as indi- 
cated in Table 5, Leukocytic infiltration was 
found to take place in either eye after six 


* Commercial preparation of Schering Corpora- 
tion, Bloomfield, N. J., containing 5 mg. of predni- 
solone acetate and 100 mg. of sulfacetamide sodium 
per cubic centimeter. 
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Taste 3.—Migration of Leukocytes into the 
Cornea Injured by Turpentine * With and Without 
Perilimbal Injection of LAA 


With Perilimbal Without 
Injection Injection 


of IAA of IAA 
(One Eye) (Other Eye) 

Dose of IAA, Degree of 

No. Mg. inf tion Infiltration 
+ + 
1 10 = + 
2 2 + + 
1 20 + + 
1 20 ake 


* Intrastromal injection of 0.02 ce. 

t Dose, 2 ce. of 0.1% to 1% solution. All animals were 
killed after 24 hours following the ty al injury with turpentine. 
For further explanation see Table 


LODOACETIC ACID AND INFLAMMATORY RESPONSES 


hours. There was some noticeable difference 
with regard to the degree of infiltration inso- 
far as the eye additionally treated with 
Metimyd showed less reaction. 

In the second group of Experiment 4, ten 
albino rabbits received 25 mg. of cortisone 
acetate (Cortone) intramuscularly in addi- 
tion to the local application of Metimyd as 
outlined above. Both eyes were injured by 
intrastromal injection of turpentine. The 
results of this series of the experiment are 
shown in Table 6, They indicate that leuko- 
cytic infiltration occurred in the cornea of 
both eyes at about the same time, but it was 


Fig. .8. — Histological 
section of rabbit cornea, 
nine days after intra- 
stromal injection of IAA 
(0.02 cc, of 0.1% solu- 
tion). Diffuse leukocytic 
infiltration of moderate 
degree, neovasculariza- 
tion, and leukocytic cell 
deposits, Formalin, hema- 
toxylin and eosin; re- 
duced about 4 from mag. 


x 44 


Fig. 9.—Mild leukocy- 
tic infiltration of cornea, 


nine days after in- 
trastromal injection of 
IAA (0.02 cc. of 0.1% 


solution). Excessive stro- 
mal edema around epithe- 
lial proliferation at site 
of injection. Formalin, 
hematoxylin and eosin; 
reduced about % irom 


mag. X 44. 


Hong et al. 
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Tasty 4.—Leukocytic Infiltration of the Cornea 
Following Intrastromal Injection of LAA * (O. 
as Compared with Phystological Saline Solution 


Degree of Leukocytic 


Infiltration 
Time of Rabbits, ———— --—— 
Killing No. 0. D., (GAA) O. 8. (NaCl 

1 day 2 + - 
2 days 2 + = 
4 days 2 + -_ 
1 wk, 2 + 
2 wk. 2 + on 
1-14 days 10 

* Dose, 0,02 ce. of a 0.5% solution. 


somewhat less in degree than in eyes injured 
by turpentine without additional treatment 
of any kind, 


Comment 


The results of our experiments with tur- 
pentine as leukotaxic agent applied to the 
cornea are in full agreement with the ob- 
servations of Cohnheim,® Senftleben,’ 
Leber.” 


and 
In his classical monograph * Leber 
also mentions the fact that injections of 
turpentine into the anterior chamber result 
in death of all fixed corneal corpuscles and 
that heavy leukocytic infiltrations develop 
in the corneal stroma with sparing of 
centrally located area of necrosis. The spar- 
ing of the central area of the cornea could 
also be observed consistently in our experi- 
ments with turpentine (ligs. 3 to 5). 

The question concerning the origin of 
the leukocytes in the cornea of turpentine- 
injured eyes has already been settled by 
Cohnheim and Senftleben.? These authors 
proved to the satisfaction of Leber, who had 
repeated their experiments with many other 


agents, that the leukocytes around the 
chemically necrotized area in the cornea 
were not derived from the fixed corneal 


corpuscles by proliferation but originated 
from the conjunctival vessels by migration. 
Leber also mentioned the fact that the leuko- 
cytes were more frequently found between 
the lamellae of the anterior third of the 
stroma, i. e., in the level corresponding to the 
anatomical location of the limbal vessels, 
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Taste 5.—The Effect of Turpentine* upon the 

Migration of Leukocytes into the Cornea With 

(O. D.) and Without (O. S.) Local Administration 
of Steroid 


Degree of Infiltration 


Time of Rabbits, - ——_—_—___— 
Killing, Hr. No, BD. 0.8 
6 1 + + 
1 + + 
9 1 + + 
12 1 + + 
1 + + 
18 1 + ++ 
2 I + ++ 
4s 2 + ++ 


* Intrastromal injection of 0.02 ce. 

t Prednisolone acetate, 5 mg., and sulfacetamide sodium, 
100 mg. per cubie centimeter (Metimyd Ophthalmic Solution) 
instilled into O. D. every two hours. 


than in the posterior two-thirds. In Leber’s 
as well as in our own experiments, the leuko- 
cytes were observed to change the direction 
of migration toward the deeper layers of the 
cornea in the vicinity of the central area of 
necrosis (Figs. 3 and 4). There, the cells 
accumulated in all layers, forming a ring- 
shaped zone of infiltration around the lesion 
produced by turpentine. The clinical and 
histological picture of the severer cases pre- 
sented itself as that of a ring abscess. 

Since all these changes can be inhibited 
by systemic administration of IAA, one 
might surmise that the reactive mobilization 


6.—The Effect of Intramuscular Admini- 
stration of Steroids* on the Cornea Injured by 
Intrastromal Injection of Turpentine+ With 
(O. D.) and Without (O. S.) Topical Administra- 

tion a Ste 


Degree of Leukocytic 


Infiltration 
Time of Rabbits, 
Killing, Hr, No. oO. D. oO. 8. 
(Metimyd) (Control) 
6 | + + 
1 + 
9 1 + + 
12 | + + 
! + + 
18 1 + + 
24 1 + + 
++ ++ 
48 2 ++ ++ 
6 to 48 10 + to ++ + to ++ 


* Cortisone, 25 mg. per animal given just prior to turpentine. 
t Dose, 0.02 ee. of turpentine. 
3 Metimyd. 
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of the leukocytic defense forces in the body 
are depressed by inhibition of their energy 
production. No decrease of WBC was no- 
ticed in the blood counts. It appears less 
likely that the absence of the leukocytic in- 
filtration in the turpentine-injured cornea is 
the result of some repelling mechanism be- 
cause of changes induced in the cornea by 
IAA itself; for neither a subconjunctival 
injection of IAA around the limbus nor 
one into the stroma did prevent the leuko- 
cytic migration. Irom this observation one 
might infer a direct effect of IAA on the 
leukocytes in the blood. If this is the case, 
such a mechanism would supply a plausible 
explanation of the controversial observation 
which initiated this study—namely, erythro- 
cytes prevail in the exudate of the anterior 
chamber after the intravenous injection of 
IAA, whereas the leukocytes predominate 
in the exudate produced by ionizing radia- 
tion. 

Our experiments with local application of 
steroids did not provide conclusive data, The 
differences observed with local application 
were too small to be statistically significant. 
However, the plain fact that the systemic 
and local application of steroid did not pre- 
vent the leukocytic infiltration in any case 
indicates that the inhibition of migration into 
the turpentine-injured cornea by [AA is not 
indicative of an indirect effect brought about 
by formation of cortisone. 


The inhibition of leukocyte migration into 


the turpentine-injured cornea by intravenous 
injection of [AA is not specific for this part 
of the body, for it could also be demon- 
strated quantitatively in the skin, 


At this point it may be timely to make 
some comments about the corneal epithelium 
in the area of LAA injection (lig, 9). The 
corneal epithelium proliferated over the 
wound afflicted by the needle. This prolifera- 
tion occurred within 24 to 48 hours in spite 
of severe damage to the stroma, as indicated 
by tremendous swelling, vacuole formation 
around the epithelium, and 
rarification of the corneal corpuscles as a 
result of impaired carbohydrate metabolism, 


proliferated 


et al. 


as has been demonstrated by Parnas,” 
Mackworth,'® and Herrmann et al." 


The actual mechanism by means of which 
IAA exerts its effect on the tissue metabo- 
lism is not completely understood, since it 
seems not to be restricted to the thiol- 
enzymes alone (Barron '*), 


Summary 


Inhibition of leukocytic infiltration into 
the turpentine-injured cornea was achieved 
in rabbits by intravenous injection of a 1% 
solution of iodoacetic acid (LAA) varying 
in dose from 30 to 70 mg. per kilogram of 
body weight. 

Subconjunctival injections of a 0.1% to 
1% solution of the sodium salt of IAA 
around the limbus did not prevent the migra- 
tion of leukocytes into the turpentine-in- 
jured cornea, 

The histological changes following an in- 
trastromal injection of a 0.5% solution of 
sodium iodoacetate are described and dis- 
cussed, 

Local as well as systemic administration 
of steroids was not as effective as LAA in 
preventing the development of a leukocytic 
infiltration in the turpentine-injured cornea. 
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Cataract Surgery 


RALPH E. KIRSCH, M.D., Miami, Fila. 


In a previous communication! it was 
shown that application of five minutes of 
digital pressure after the retrobulbar injec- 
tion, following the ideas of Atkinson ?* 
and Chandler,® constitutes a very definite 
clinical safeguard against the loss of vitre- 
ous during cataract surgery. It was further 
shown that, thus far, the best experimental 
criterion for judging this safeguarding ac- 
tion of digital pressure lay in the depth and 
duration of the accompanying ocular hy- 
potony. It has accordingly now become de- 
sirable to determine the optimal length of 
time for application of digital pressure; for, 
in an operation already considerably length- 
ened by the use of modern corneoscleral 
suture techniques, it becomes important to 
know if the same safety may be achieved in 
less than five minutes or, conversely, if 
even greater safety is induced by more than 
five minutes of digital pressure. 


Materials and Methods 


The material for this study consisted of 
60 eyes studied during cataract operation 
performed by me in the manner described 
in the previous communication.!. The meth- 
ods employed consisted essentially of the 
measurement, in the operating room during 
the actual cataract surgery following the 
retrobulbar injection, of the intraocular 
pressure before, during, and after the ap- 
plication of digital pressure of from 1 to 

Received for publication March 30, 1957. 
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Further Studies on the Use of Digital Pressure in 


I. Optimal Length of Time for Application of Digital Pressure 


10 minutes’ duration. Where the factor of 
duration of hypotony was under considera- 
tion, a retrobulbar injection followed by 
digital pressure of varying lengths of time 
was performed on the eye not operated on 
and measurement of the hypotony was 
continued at two-minute intervals by an 
assistant while the surgeon proceeded with 
the lens extraction in the eye being operated 
upon. 

Inasmuch as the original study was begun 
prior to the adoption of the 1954 calibration 
scale for Schietz tonometry, for the sake 
of ease of comparison the old Schiotz scale 
has been used throughout these studies, 

Initially the ocular tension was recorded 
at one-minute intervals during the applica- 
tion of digital pressure. The tension was 
first measured in a group of cases in which 
a total of two and one-half minutes of 
digital pressure was applied, then in groups 
of five minutes and seven and one-half 
minutes of digital pressure. Finally, the 
intraocular pressure was measured at 2%- 
minute intervals in a group of cases of 7% 
minutes’ duration of digital pressure and in 
a group of 10 minutes’ duration. In each 
of these series observations were made upon 
the duration of the hypotony in the fellow 
eye (not operated on) subjected to the 
same retrobulbar injection and digital pres- 
sure as the eye operated on. 

The anesthetic solution used in this study 
for akinesia and retrobulbar injection was 
2% lidocaine (Xylocaine) hydrochloride 
with epinephrine and hyaluronidase. 

In the Tables, recognizing the inaccuracy 
of tonometer readings in very hypotonic 
eyes, in those cases where the calibrated 
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Tasty. 1.—-Minute-by-Minute Measurement of Intraocular Pressure (Schiotz)—Two 
and One-Half Minutes’ Duration 
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Average 


reading approaches zero the actual scale 
reading on the tonometer is inserted in 
parenthesis. This furnishes at least a meth- 
od of comparing relative hypotony, 


Results 


Tables 1, 2, and 3 summarize the results 
upon the intraocular pressure of the minute- 
by-minute application of digital pressure 
after the retrobulbar injection. Table 1 
documents those instances in which digital 
pressure was applied for two and one-half 
minutes; Table 2 those cases wherein digital 
pressure was applied for five minutes, and 
Table 3, for seven and one-half minutes. 
Tables 4 and 5 represent cases wherein the 
minute-by-minute measurement was re- 
placed by measurement of the tension every 
2% minutes for durations of 7% minutes 
(Table 4) and 10 minutes (Table 5). 

Table 1 reveals at once that application 
of only two and one-half minutes of digital 
pressure does not, in the majority of cases, 
produce a hypotony of the depth and dura- 


Taste 2.— 


Initial Postretro. 
or 1 Min. 


Postretro. 
IOP 


1 Min. 2 Min. 


Minute-by-Minute Measurement of Intraocular Pressure—Five Minutes’ 
Duration 


IOP During Digital Pressure 
2 Min. 


IOP During Digital Pressure 


Minutes LOP 
Remained Below 
10 Mm. 


1 


2% Min. 


tion that can be achieved by 
longer application of pressure. It is to be 
noted, however, that in an occasional case 
a deep and lasting hypotony is produced, 
but this is not sufficiently consistent to war- 
rant recommending the reduction of time 
of application of digital pressure in the 
operating room to two and one-half minutes. 

With increase of the length of digital 
pressure to five minutes we see (Table 2) 
that there is a significant increase in the 
hypotony produced, Figure 1A summarizes 
the data in graphic form, and Figure 1123 
plots the mean of the data in the 13 cases 
of five minutes of minute-by-minute test- 
ing. It is seen that the greatest decrease in 
ocular tension occurs in the first minute 
of digital pressure but that there is rela- 
tively steady decline throughout the remain- 
ing four minutes. 


somewhat 


From the clinical 
experience with the safeguarding action of 
five minutes of digital pressure reported 
in the previous communication,’ it would 
appear that this is an adequate amount of 


Minutes [OP 
———--—~ Remained Below 


4 Min. 5 Min, 10 } 


3 Min. Mm. 
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» (18) 
18.5 15.6 30 (5) 


(15) 


(16) 


(17) (17) 


(19) (20) 
0 (15) (16) (15) 
(18) 
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Cuse 10P 
: i 20.1 16.9 10.0 8.0 9.0 I 
2 16.9 ng 2.0 2.0 0 (4) 
3 16.9 13.2 40 40 1.0 | 
a i 4 18.5 9.0 3.0 10 2.0 
21.8 16.9 13.2 11g 
6 13.2 14.2 14.2 10.0 
7 15.6 16.9 90 90 2 | 
3 s 16.9 20.1 18.5 18.5 13.2 | 
20.1 21.8 23.4 20.1 20.1 
10 215 21.8 18.5 13.2 10.0 
16.6 12.2 10.1 8.6 
| 
| 
| 
Case 
: it 18.5 4.0 4.0 3.0 (16) 
2 12 18.5 13.2 10 0 (17) 
‘ 17 18.5 16.9 14.0 11.0 6.2 6.2 4.0 
Is 18.5 13,2 10.0 11.0 9.0 
a 19 14.2 14.2 12.0 10.0 8.0 6.0 3.0 i 
2 2 16.9 16.9 16.0 14.0 13.0 10.0 10.0 
21 15.6 13.2 11.0 9.0 8.0 6.2 50 
22 16.9 14.2 4.0 4.0 4.0 
4 23 18.5 10.0 4.0 10 2.0 2.0 0 (16) 
Average 7.7 6.0 4.6 3.6 2.8 
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FF 2" 3 4° 5° 
Minutes of Digital Pressure 
Fig. 1A.—Graph of Table 2. 


Intraocular pres- 
sure after retrobulbar injection. 


digital pressure, and the graph in Figure 
1B gives us an accurate analysis of the 
minute-by-minute effect on ocular tension in 
the average eye. It is of interest to note the 
close correlation between the final average 
intraocular pressure in this Table (2.8 mm., 
Schietz), as compared with the final aver- 
age of 2.3 mm. (Schiotz) in the 50 cases 
studied in the operating room in the pre- 
vious paper,’ suggesting that the graph in 


Initial Post- —— 


retro, 
IP IOP 1 Min. 2 Min. 3 Min. 4 Min. 


J J 10.0 4.0 
25 16.9 16.9 15.6 13.2 10.0 10.0 
26 4.2 119 11.0 110 9” 10.0 
156.6 119 110 10.0 70 
28 14.2 13.2 70 10.0 110 (M4) 
2 13.2 20.1 14.2 1g 10.0 10.0 
31 13.5 14.2 14.2 9.0 9.0 90 
32 66 20 0 (15) 0 (1%) (15) 
0 
56 


(15) 


2 15, 
(14) 0 
5.0 


Kirsch 
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Taste 3.—Minute-by-Minute Measurement of Intraocular Pressure- 
One-Half Minutes’ Duration 


IOP During Digital Pressure 


18 
15 
13 
12 
4 11 
10 
8 
6 
4 

3 

2 


0 1" 2" 3" 4" 5! 
Fig. 1B.—Mean of Table 2. 


Intraocular pres- 
sure after retrobulbar injection, 


Figure 1B represents a truly typical surgical 
case subjected to five minutes of digital 
pressure. 

In Tables 3 and 4 are summarized the 
results of application of seven and one-half 
minutes of digital pressure, the former em- 
ploying the minute-by-minute testing method 
and the latter the measurement at intervals 
of two and one-half minutes. Here it is seen 
that beyond five minutes there is a further 
but more gradual decrease in the ocular ien- 


Seven and 


~~ Kemained Below 
10 Mm. 


5 Min. 6 Min, 7 Min, Min 
6.2 30 10 (4) 
10.0 10.0 10.0 00 
5.0 70 40 6.2 9 
6.2 7M 4a 6.2 
4.0 5.0 4.0 5.0 19 
9.0 4.0 5 6.2 
10.0 10.0 4.0 50 4 
74 20 20 3.0 
0 (19) 0 (20) 0 (2) 0 (21) 
(17) 0 (is) 27 
9 


(17) 0 


(is) 


Se 


| 
| 
| 
& 
| 
| 
| 
. 
A 
Minutes 1OP 
36 18.5 18.5 18.5 10.0 74 40 13 
Average 15.1 124 6.5 59 50 
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TasLe 4.—Measurement of Intraocular Pressure Every Two and One-Half 
Minutes—Seven and One-Half Minutes’ Duration 
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IOP During Digital Pressure Minutes IOP 
Initial Postretro, ——— Remained Below 
Case IOP Min. 5 Min. 7% Min. 10 Mm, 


14.2 
24.4 
10.0 
14.2 
12.0 


9.0 


2.0 
4.0 
4.0 


11.0 


Average 


sion, with the final average tension of 1.1 
mm, (Schietz) in the cases in Table 4 repre- 
senting the most profound final average hy- 
potony of any of the groups tested. 
Finally, Table 5 outlines the data obtained 
in extending the period of application of 
digital pressure to 10 minutes. Here, again, 
is seen the continuing but gradual increase 
in ocular hypotony after five minutes, but 
with the tension at extremely low rate of 
decline in the last two and one-half minutes. 
Figure 2 represents a summary of all of 
the data by presenting a composite graph 
derived from the mean of each of the 
groups of cases outlined in Tables 1 through 


5. 


Comment 


Although it is not known with certainty 
that measurement of ocular hypotony con- 
stitutes an accurate criterion for judging 
the safeguarding action of digital pressure 


TABLE 5.—Measurement of Intraocular Pressure Every Two and One-Half 
Minutes—Ten Minutes’ Duration 


after retrobulbar injection in preventing 
vitreous loss in cataract surgery, in the 
light of data presented in a previous com- 
munication,’ it appears to be the best cri- 
terion available at this time. The present 
investigation was thus designed to provide 
a rational basis for the determination of 
the optimal length of time for application 
of digital pressure during the cataract oper- 
ation. By a series of minute-by-minute 
measurements of the ocular tension during 
application of digital pressure in the operat- 
ing room, it has been determined that the 
greatest fall per minute in intraocular pres- 
sure occurs in the first minute, that a sig- 
nificant continuing fall occurs between the 
second and fifth minutes, and that a final 
shallowing of the curve of decrease in ten- 
sion occurs approximately at the end of the 
fifth minute. Moreover, virtually all eyes 
have had imparted to them at the end of 
the fifth minute of digital pressure a depth 


Post- IOP Dur ng Digital Pressure Minutes 1OP 
Initial ret R ined Below 
Case 1OP 1or 2'4 Min 5 Min, 7% Min. 10 Min 10 Mm, 

44 11.0 14.2 2.0 0 (iM) 0 (17) 0 (15) 

44 10.0 13.2 0 (14) 0 (17) 0 (17) 0 (20) ll 
45 20.1 1g 10.0 3.0 4.0 0 (iM) 

ot 18.5 11.0 0 (14) 3.0 0 (19) 0 (1%) 

7 20.1 20.1 18.5 20.1 18.5 10.0 19 
As 25.4 110 10.0 5.0 0 (15) 0 (15) 
40 20.1 8.0 10.0 6.2 2.0 4.0 
50 21.8 21.8 10.0 0 (14) 0 (15) 0 (19) 
51 23.4 20.1 ie 5.0 6.2 40 
52 23.4 23.4 13.2 10.0 8.0 5.0 3 
53 13.2 20.1 119 10 0 (Mb) 0 (19) 
iM 18.5 18.5 10.0 6.2 4.0 0 (iM) 
55 15.6 70 5.0 10 0 (15) 0 (15) 
Mw 10.0 10.0 6.2 10 0 (15) 0 (Ss) 13 
57 10.0 0 (14) 6.2 0 (1M) 0 (14) 28 
14.2 4.0 0 (4) 0 
16.9 16.9 11.0 
wo 20.1 10.0 10.0 0 

M41 7.7 
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37 0 (17) 0 (2) { 

15.6 40 40 
a9 14.2 (18) 0 (20) 21 
e 0 14.2 4.0 3.0 3.0 25 
5.0 0 (14) 0 (19) 0 (20) 
42 13.2 10.0 6.2 ® (M4) 26 
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DIGITAL PRESSURE IN CATARACT SURGERY 


Mimites Titel Preesre 


Fig. 2.—Composite graph of Tables 1 to 5. 
Intraocular pressure after retrobulbar injection. 


and duration of hypotony that has been 
found to be clinically safe. 

Evidence is presented that continuation 
of application of digital pressure beyond 
five minutes is associated with a further 
but very gradual decrease in ocular tension, 
indicating that the longer the digital pres- 
sure is applied the greater is the hypotony 
produced. 

It may be of comfort to the surgeon 
when operating upon an exceptional case 
wherein the anticipation of vitreous loss is 
greater than usual (the bulging eye; the 
short, thick-necked patient; the asthmatic 
patient; the coughing patient, or the unruly 
patient) to know that some little extra 
safety may be induced by increasing the 
duration of digital pressure to 71% minutes 
or even to 10 minutes. It is believed, how- 
ever, that the data presented here warrant 
the conclusion that the application of five 
minutes of digital pressure constitutes the 
optimal duration of application. 

As for duration of hypotony, it is seen 
that, although there is an increase in the 
duration of an intraocular pressure under 
10 mm. (Schiotz) with the longer applica- 
tions of digital pressure, the data of the 
previous ' and present communications in- 
dicate that such long duration of hypotony 
does not appear of practical value. There 
is apparently no advantage in retaining deep 
hypotony after the lens has been extracted 
and the corneoscleral sutures have been tied. 


Kirsch 


Here, again, it is indicated that five minutes 
constitutes the optimal time for application 
of digital pressure in cataract operations. 

Finally, it will be of more than passing 
interest to every cataract surgeon to study 
the graph in Figure 1B, for it provides a 
clear demonstration of the changes in intra- 
ocular pressure which occur in the average 
case of cataract operation when the surgeon 
utilizes the application of five minutes of 
digital pressure. 


Summary 


Evidence is adduced concerning the opti- 
mal length of time for application of digital 
pressure by frequent measurement (minute- 
by-minute or every two and one-half mir- 
utes) of the ocular tension concomitant with 
the application of digital pressure following 
retrobulbar injection during cataract sur- 
gery. 

Digital pressure was applied for 24% min- 
utes, 5 minutes, 7% minutes, and 10 
minutes, 

The greatest fall per minute in intra- 
ocular pressure occurs in the first minute 
of application of digital pressure. A sig- 
nificant continuing fall occurs between the 
end of the first and fifth minutes. A final 
shallowing of the curve of decrease in ten- 
sion occurs approximately at the end of 
the fifth minute. Between the fifth and 
tenth minutes only a slight further decrease 
in ocular tension occurs, 


It is concluded that the optimal length of 
time for application of digital pressure fol- 
lowing the retrobulbar injection in cataract 
surgery is 5 minutes. 


Figure 12 provides the ophthalmic sur- 


geon with a 
intraocular 


graphic 
pressure 


summary of the 
changes occurring 
minute-by-minute in his application of five 
minutes of digital pressure during cataract 
surgery. 

The operating room personnel of the Mt. Sinai 


Hospital of Greater Miami cooperated in this 
investigation. 


1345 N. Bayshore Dr, (32). 
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lor some time now, ophthalmologists have 
been attempting to save the less involved eye 
in bilateral 
therapy. 


with radiation 
The results with x-ray therapy 
alone have generally been disappointing. 
Although retinoblastoma is radiosensitive, 
the dose lethal to the tumor approaches the 
tolerance of normal structures in the pos- 
terior part of the eye and exceeds the 
tolerance of the structures of the anterior 
part of the eye.t| The relatively narrow 
margin between the cancericidal dose and the 
dose tolerated by normal ocular tissues has 
given rise to many complications with x-ray 
therapy.” The complication of gravest con- 
cern is late vitreous hemorrhage 
damaged retinal blood vessels.* order 
to reduce the incidence of complications, the 
dosage of x-ray has been decreased by em- 
ploying along with it a radiomimetic drug, 
such as the nitrogen mustards * or, especially, 
triethylene melamine (TEM ).* The results 
of this combined therapy await final evalua- 
tion, 


retinoblastoma 


from 


Another method which has been tried in 
order to avoid the major complications of 
x-ray treatment is the use of radon seeds. 
Presumably the application of the seeds close 
to the neoplasm concentrates the radiation 
in the tumor area and thereby causes less 
destruction to other ocular and extraocular 
tissues. Combined use of radon seeds and 
x-ray irradiation allows for smaller doses 
of the latter. Stallard has been the major 
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Radiation Effect on Intraocular Tissues in Radon 
Seed Treatment of Retinoblastoma 


EDWARD TAMLER, M.D.; FRANK C. WINTER, M.D., and PAUL TOCH, M.D., San Francisco 


proponent of the use of radon seeds and 
has reported extensively on their use in the 
treatment of retinoblastoma.*™ At first the 
seeds were inserted directly into the tumor 
tissue,” but this technique was found to be 
very damaging to surrownding tissues and 
was discarded in favor of suturing the seeds 
to the sclera.6 From seeds originally of 3 to 
5 me, in strength,’ Stallard changed to seeds 
of 1 to 2 me.* He states that a dose of 
0.7 me, will destroy a surrounding area of 
1.5 mm, in radius; 2 me. will destroy an area 
of 3.5 mm, radius. He noted shrinking of 
the tumor in the second or third week after 
implantation.* Though he obtained good re- 
sults in 60% of his cases, complications such 
as cataract, retinal exudates, hemorrhage, 
and retinal detachment occurred.* He _ be- 
lieves that some retinoblastomas are more 
radiosensitive than others and that the dose 
of radiation is still empirical.” He feels that 
he has gotten fewer complications with radon 
seeds than others have gotten with deep 
x-rays.” More recently, Stallard has been 
using discs containing radium or radioactive 
cobalt to treat retinoblastomas, this technique 
allowing for evener or more uniform irradia- 
tion.® 

Very little is known generally about the 
effect of specific doses of radiation on human 
intraocular tissues. There have been few 
histological reports of the effect of radiation 
on such tissues in the treatment of retino- 
blastoma, Stallard made a pathological study 
of eight eyes containing irradiated retino- 
blastoma,” but he does not tell exactly how 
they were irradiated nor does he attempt to 
relate dosage to the histological changes ob- 
served. He describes atrophy and avascu- 
larity of the retina and choroid in and 
around the irradiated area. Irradiated cells 
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showed pyknosis and karyorrhexis of their 
nuclei and atypical mitosis. There were 
degeneration, disorganization, and atrophy 
of the irradiated neoplasm. Some specimens 
showed disappearance of all retinoblastoma 
cells or calcification of some tumor islands. 
Others showed clumps and columns of neo- 
plastic cells surviving or persisting in de- 
generated form, surrounded by attempts at 
fibrosis. There were edema of the surround- 
ing retina and pigmentary changes in the 
periphery of the irradiated zone. The 
ganglion-cell layer was largely replaced by 
fibrous tissue, and some specimens showed 
irregular deposits of exudates and _ pink- 
staining hyaline material in the outer nuclear 
and molecular layers. Rods and cones were 
destroyed, and pigmented debris was present 
between the external limiting membrane and 
Bruch’s membrane. There were hemor- 
rhages in the inner layers of the retina. The 
choroid was thin and atrophic ; its vascularity 
was decreased, and the choriocapillaris was 
obliterated, Irradiation cataract was charac- 
terized by “bladder cells” at the equator and 
the posterior cortex. In one case the lens 
epithelium completely surrounded the lens. 

We have had the opportunity to study 
pathologically an eye with retinoblastoma 
which had been treated by radon seed im- 
plantation along with a small amount of ex- 
ternal radiation. The sites of radon seed 
attachment to the globe were very obvious 
on the pathological specimen and, therefore, 
the approximate radiation dosage to various 
parts of the globe could be calculated and 
related to the histological changes observed. 
For this reason it was deemed worth while 
to make this report, 


Report of a Case 


The patient was first seen at Stanford 
University Hospital * in December, 1954, at 
the age of 5 months, with a referring diag- 


* The patient was originally referred by Dr. John 
Gallaber of Walnut Creek, Calif., to Dr. A. Edward 
Maumenee. Both physicians made their records 
available. One of us (E. T.) has been able to 
follow the patient closely from December, 1954, to 
the present. 
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nosis of bilateral retinoblastoma. Examina- 
tion under general anesthesia revealed 
bilateral, symmetrical retinoblastoma filling 
the macular area of both eyes and barely 
extending across the path of the superior 
and inferior temporal vessels. Each was 
approximately 8 disc diameters in size, 
crudely round in outline, and about 9 D. 
elevated. Because of the close similarity of 
the tumors it was decided to treat both by 
irradiation and TEM. 

From Dee, 23, 1954, to Jan. 14, 1955, each 
eye received a total of 3000 r in air (1650 r 
calculated tumor dose) via external temporal 
portals. Administration of TEM by mouth 
was begun on Dec, 22, 1954, and was con- 
tinued on an almost weekly dosage until 
November, 1955. By Jan. 20, 1955, both 
tumors showed definite shrinkage. On Feb. 
10, 1955, in each eye two radon seeds were 
sewn to the sclera, straddling the tumor with 
long axis parallel to the limbus. In the left 
eye, the eye being reported on here, the 
posterior seed was 0.56 mc. in strength; the 
other, 0.52 me. Further shrinkage and de- 
generation of the tumors occurred until they 
were yellowish white and almost flat. 

In August, 1955, several suspicious areas 
appeared in the nasal retina of the left eye. 
By the end of October it was fairly certain 
that this represented a recurrence of the 
retinoblastoma. On Nov, 17, 1955, the left 
eye was enucleated. 

In the fall of 1956 a tumor recurrence 
was noted in the right eye below the disc. 
The child was then treated with an addi- 
tional 6000 r delivered by the linear ac- 
celerator, a new machine designed to direct 
the radiation to the tumor area with minimal 
effect to other tissues, 

Grossly the left eye specimen was a hard 
eyeball with 10 mm. of optic nerve attached, 
measuring 192020 mm. The anterior 
segment was not remarkable. Posteriorly 
the two radon seeds were still sutured in 
place to the sclera, the posterior one being 
approximately 2 mm. from the optic nerve. 
The seeds were removed prior to horizontal 
sectioning of the globe. The vitreous was 
liquid and clear. In the macular area a 
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RADON SEED TREATMENT OF RETINOBLASTOMA 


Figure 1 


roughly circular slightly elevated mass 
measuring approximately 10*9 mm. was 
seen. On the nasal side of the interior of 
the globe several small white tumor nodules 
were noted. The lens appeared normal. 

A horizontal section (Fig. 1) shows two 
round defects on the surface of the posterior 
sclera representing the sites of the radon 
seeds. Suture tracks are visible next to the 
defects, and both suture and radon tracks 
are well encapsulated. 

Figure 2 is a drawing giving the measured 
distances between radon seeds and tumor 
nodules and lens. Figure 3 gives the 
measured distances between the radon seeds 
and adjoining choroid, retina, and optic 
nerve. The distances are recorded in milli- 
meters, 

One of us (P. T.) has calculated the 
radiation dosage from radon seeds alone to 
various parts of the globe. This is sum- 
marized in the Table. As indicated in the 
notes below the Table, these are approximate 
dosages. However, we can still observe the 


THOMAS STEVENSON 
Figure 3 


Tamiler et al. 


Figure 2 


relative effect on various intraocular tissues. 


A number of interesting observations can 
be made from the histological sections, The 
optic nerve, receiving over 5000 r at its 
temporal margin from the radon seeds, ap- 
pears normal (lig, 4). Figure 5 shows the 
calcified remains of the original tumor mass 


Radiation Dosage from Radon Seeds Alone to 
Vartous Parts of the Globe 


Posterior seed: 0.56 me. X 133 br.—74,5 me.-hr. 
Anterior seed: 0.52 me, X 133 69.0 me.-hr, 


Dosage from radon seeds only at 


Tumor A 
Tumor B 
Tumor C 
Lens 
. Uptic nerve margin 
. Distal end of fibrosed choroid 
. Proximal end of fibrosed choroid 
Calcified tumor residual opposite posterior 
seed (1 mm. from seed) 
. Caleified tumor residual opposite anterior seed 
(1 mm. from seed) 
. Original tumor apex assumed at a point 4mm. 
from each seed and 3 mm. from sclera 
ll, Distal residual tumor edge 
12. Proximal residual tumor edge 


6,100 
5,570 
5,930 


1. Add to these doses a tumor dose of 1650 r received by 
external irradiation. Factors: KV, 200; filtration, 0.5 mm. Cu 
and 0.5 mm. Al; Ma 20; TSD 44.5; H.V.L. 1.26 mm. of Cu. 
Air Dose: 3000 r in 10 treatments through opposing lateral circular 
ports 2.5 cm. in diameter with anterior chamber shielded, 

2. No part of the original tumor mass received less than 5570 
r by radon alone. 

3. The parts of the tumor directly under the radon seeds 
received extremely high doses, which are calculated here as 
about 22,000 r. It must be understood, however, that dose 
calculations at such small distancesfrom the source are nearly 
meaningless, as a change in distance ofonly 0.5 mm. would make 
a difference of about 14,000 r, or nearly 4%. Also, isodose 
curves for such distance are not available and for closer approxi- 
mation of dose one would have to integrate dose along the length 
of the seed. Even at distances of 4 mm, an error of measure- 
ment of 0.6 mm. would introduce an error in dosage of close to 
25%. At any rate, it should be kept in mind that there is a 
high increasing dosage gradient toward the radon sources, 

4. The calculated dose received by the apex of the original 
tumor assumes 4 tumor thickness of 3mm, at the start of therapy. 
5. se dosage calculations do not include any contri 
tions by 6-radiation, which is negligible—certainly for anything 

beyond 1 to 2 mm. from the source. 
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in the macula. The retina and tumor in this 
region, receiving from about 5000 r to 
20,000 r from the seeds, depending on the 
proximity to the seeds, are completely de- 
stroyed. The sclera in this region is only 
slightly altered, in spite of heavy dosage 
from the seeds. There was slight loss in 
its cellularity and it did not stain so deeply 
as did the anterior sclera on that side. Its 
blood vessels appeared unaffected. In con- 
trast, the choroidal vessels in this same area 
were almost completely obliterated. The 
portion of choroid most distant from the 
seeds and still fibrosed received approxi- 
mately 5800 r from the radon source. 
Figure 6 shows a viable tumor focus on 
the temporal side of the globe near the ora 
serrata. This area received approximately 
1370 r from the radon seeds. Here the 
retinoblastoma is seen to arise from the 
outer layers of the retina. From time to 
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RADON SEED TREATMENT OF RETINOBLASTOMA 


Figure 6 


time the question of which retinal layer may 
give rise to retinoblastoma comes up for 
Some have claimed that retino- 
blastoma arises only from the inner retinal 
From this Figure and from other 
slides it appears that this tumor may arise 
from any retinal layer. 


discussion. 


layers. 


Tamler et al. 


Figure 7 


ligure 7 shows two viable tumor foci on 
the nasal side. Tumor B received approxi- 
mately 1700 r, and Tumor C, about 800 r 
from the radon seeds. The presence of these 
multiple foci points up the difficulty in treat- 
ing a multicentric neoplasm such as retino- 
blastoma with radon seeds. 


= 
= 
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Figure 8 
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On the temporal side beyond the limits 
of the calcified tumor residual the retina 
reveals a marked decrease in the ganglion 
cells (see Figures 6 and 8), possibly due 
to greater susceptibility of these cells to 
radiation or to an effect on the retinal 
vascular supply in this area, Irom the cal- 
culated dosage, as little as 1400 r can cause 
severe damage to the ganglion-cell layer. 

Just anterior to the necrotic tumor on the 
temporal side there is a fusion of the inner 
and outer nuclear layers and obliteration of 
the outer plexiform layer (Fig. 8). As one 
goes further anteriorly the nuclear layers 
become distinct and separate and the outer 
plexiform layer appears (Fig. 9), The 
number of nuclei in the inner nuclear layer 
in the region of fusion is reduced when 
compared with the same layer more an- 
teriorly or, especially, on the nasal side of 
the eyeball. The death of cells of the inner 
nuclear layer from irradiation and the sub- 
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sequent degeneration of their axones could 
explain the disappearance of the outer 
plexiform layer. The approximate dosage 
of radiation to this region was 5000 r. Cibis 
and Brown"! reported pyknosis of the rod 
and bipolar nuclei in monkeys subjected to 
irradiation. We do not see this in our speci- 
men. However, they were reporting the 
acute effects of irradiation within 96 hours 
after exposure, whereas we are reporting 
the relatively long-term effects of irradia- 
tion. In the inner nuclear layer of this 
specimen some cells may have undergone 
pyknosis and karyorrhexis before their 
death. It has been suggested '* that the 
changes in the nuclear layers of the retina 
in this specimen could be the result of oc- 
clusion of a large retinal artery by the tumor 
rather than the result of irradiation. 

The retinal vessels on the irradiated side 
are reduced to fibrous cords (arrows, Fig. 
10) and appear to be more affected than 
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Figure 12 


choroidal vessels of larger caliber but equal 
(listance from the radiation source (arrows, 
lig. 11). The mild degenerative changes 
seen in the rod and cone layer on the ir- 
radiated side (Figs. 8 and 9) are probably 
secondary to the vascular occlusions in the 
choroid, 

The lens received approximately 700 r 
from the seeds, There appear to be some 
early abnormal changes in the lens “bow” 
at the temporal equator (Fig. 12). There is 
some disorganization to the pattern of the 
nuclei in the cortex, with some nuclei migrat- 
ing to the posterior cortex, 

It is again pointed out that to these radon 
seed dosages must be added a small amount 
for the external radiation applied (1650 r 
tumor dose). The possible contribution of 
the TEM to these observations cannot be 
evaluated, but it was probably insignificant, 
inasmuch as tumor recurred while the patient 
was taking this drug. 


Summary 


A case of retinoblastoma treated with ex- 
ternal radiation and radon seeds is presented 
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to illustrate the effect of various dosages of 
radiation on tumor and normal ocular tis- 
sues, In addition to the effect on the retino- 
blastoma, changes due to radiation were 
noted in the adjoining sclera and choroid, 
ganglion-cell layer, inner nuclear layer, and 
outer plexiform layer of the retina, retinal 
blood vessels, and lens. 


Stanford University Hospital, Clay and Webster 
Sts. (15). 
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Ocular Manifestations of Sickle-Cell Disease 


GEORGE GOODMAN, M.D.; LUDWIG von SALLMANN, M.D., and MONTE G. HOLLAND, M.D., 


Bethesda, Md. 


The tendency for red blood cells to as- 
sume a sickled shape under conditions of 
low oxygenation has been demonstrated 
predominantly in the Negro race.’ Patients 
exhibiting this phenomenon have been classi- 
fied as having sickle-cell trait, an asympto- 
matic carrier state, or sickle-cell anemia, a 
hemolytic disease with occlusive vascular 
complications and shortened life span. Re- 
newed clinical interest in these entities has 
followed recent developments in the study 
of human hemoglobins. 

In 1949, Pauling, Itano, Singer, and 
Wells? proved by means of electrophoresis 
that the hemoglobin in patients with sickle- 
cell anemia (sickle-cell hemoglobin, or hemo- 
globin S) differs from normal adult 
hemoglobin (hemoglobin A). lurthermore, 
familial electrophoretic studies? and the 
genetic investigations of Neel* established 
the hereditary basis for the sickling phenom- 
enon. The inheritance of the gene for sickle- 
cell hemoglobin from one parent and the 
gene for hemoglobin A from another parent, 
constitutes the sickle-cell trait and represents 
a heterozygous state. The inheritance of the 
gene for sickle-cell hemoglobin from both 
parents results in sickle-cell anemia, the 


homozygous state. Subsequent studies 


disclosed that the sickling process is directly 
dependent upon the unique properties of 
sickle-cell hemoglobin, which becomes in- 
soluble and gels when deoxygenated. This 
results in the formation of sickled erythro- 


cytes, which are prone to hemolysis, and 
the development of viscous aggregates of 
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sickled cells, which vascular 
obstructions. 

Electrophoretic hemoglobin studies have 
led to the identification of several other 
genetically controlled abnormal hemoglobins. 
When they coexist with sickle-cell hemo- 
globin clinical syndromes result which are 
similar to sickle-cell anemia but are usually 
less severe.* Such heterozygous hemoglobin 
states include sickle-cell hemoglobin C dis- 
ease and sickle-cell hemoglobin D disease. 
The association of sickle-cell hemoglobin 
with other hereditary erythrocyte abnormali- 
ties has also been reported, namely, sickle- 
cell thalassemia disease and sickle-cell 
congenital hemolytic icterus. These new 
entities are usually grouped with sickle-cell 
anemia under the general heading of sickle- 
cell disease. 

Sickle-cell hemoglobin C disease is the 
commonest of the newly discovered variants 


may cause 


of sickle-cell disease; it is estimated to be 
present in 10,000 to 20,000 American 
Negroes.°” It may be suspected hemato- 
logically when the sickling phenomenon is 
associated with a high percentage of target 
cells. The clinical course is usually milder 
than that of sickle-cell anemia, but it may 
vary from an asymptomatic condition to a 
picture simulating the anemia. Many cases 
of sickle-cell disease, diagnosed as the trait 
or anemia before the advent of hemoglobin 
electrophoresis, have now been found to 
represent sickle-cell hemoglobin C 
10,11 


dis- 
ease. 

This study deals with the ocular changes 
in five patients with sickle-cell disease. 
Hemoglobin electrophoresis established a 

*For comprehensive reviews of the abnormal 
hemoglobins and their clinical manifestations, see 


Chernoff’; Itano, Bergren, and Sturgeon,’ and 
Zuelzer, Neel, and Robinson.” 
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diagnosis of sickle-cell hemoglobin C disease 
in four patients and suggested sickle-cell 
hemoglobin D disease in the fifth case. The 
significance of the eye findings is discussed. 


Report of Cases + 


Case 1.—A 38-year-old Negro housewife 
noted “seaweed” before her left eye on Feb. 
19, 1956, without other ocular discomfort. 
The ophthalmologist who was consulted four 
days later described periphlebitis and fibrous 
tissue proliferation in the periphery of both 
fundi and three areas in the left eye which 
had the characteristics of retinal tears. On 
the basis of the ophthalmoscopic findings 
and a history of tuberculosis in two aunts 
and a former roommate a diagnosis of 
tuberculous eye disease was made, and a 
course of dihydrostreptomycin, aminosali- 
cylic acid, and isoniazid was begun. The 
patient was referred to the Ophthalmology 
Branch of the National Institutes of Health 
on Feb. 29, 1956, for further diagnostic 
studies. 


Four years previously the patient had had 
a similar visual disturbance in her left eye 
which disappeared within a few days. There 
had been no new ocular symptoms until the 
present episode. 

The patient suffered from arthralgias as 
a child. Ten years previously she had had 
a painful left knee for several days which 
was labelled as “rheumatism.” There was 
no history of jaundice or anemia. A sister 
died of sickle-cell disease at the age of 34; 


+ The following physicians referred cases to the 
Ophthalmology Branch for study: Dr. Pearl Wat- 
son, Washington, D. C. (Case 1); Dr. Frederick 
Stohlman, National Cancer Institute, Bethesda, 
Md. (Cases 2 and 3); Drs. Ben Fine, Jack Gil- 
ligan, and Paul McCurdy, District of Columbia 
General Hospital, Washington, D. C. (Case 4). 
Case 5 was called to our attention by Drs. 
Lorenz Zimmerman and C. F. Vorder Bruegge, 
of the Armed Forces Institute of Pathology. Dr. 
F. L. Jennings, of the Veterans’ Administration 
Hospital, Indianapolis, and Dr. Lorenz Zimmerman 
cooperated in making available clinical data and a 
blood specimen for electrophoretic study. This 
patient has been briefly reported elsewhere (Case 3 
of Henry and Chapman”®). 
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OF OPHTHALMOLOGY 
jaundice, anemia, and joint pains were the 
major manifestations. 

The patient was followed in the clinic 
for one week, with no change in ocular signs 
or symptoms. She was hospitalized on 
March 7, 1956, for completion of diagnostic 
studies. 

Physical FE. xamination.—Visual acuity was 
20/15 O. D. and 20/20 O. S. without cor- 
rection. External and slit-lamp examination 
of the anterior segments of both eyes did 
not reveal abnormalities except for fine 
opacities in the lens cortex bilaterally. A 
cellular vitreous haze was present in the 
left eye, consisting predominantly of red 
blood cells. The right vitreous was clear. 

Ophthalmoscopy disclosed a generalized 
tortuosity of the retinal arterial tree in both 
eyes, with normal optic disks and macular 
areas, 

Left Eye: Clumps of cottony white ma- 
terial in the vitreous obscured the inferior 
part of the fundus. Four patches of glial 
or fibrous proliferation occupied the tem- 
poral retina and protruded into the vitreous, 
with “pipestem” sheathed vessels evident 
peripherally (Fig. 1). Tortuous anasto- 
moses of retinal vessels marked the border 
of these white masses, with fine branches 
running along the surface. Adjacent to the 
patch at two o'clock a small circumscribed 
flat area of detached retina was present, 
traversed by a beaded venule. A sharply 
outlined red patch, lying in or on the retina 
and resembling a retinal tear, was noted 
in the lower temporal periphery.{ In the 
superior fundus vascular pathology centered 
about the dilated segment of a venule, from 
which vascular loops grew into the vitreous, 
terminating in bulbous dilatations (Fig. 2). 
A nasal branch of the venule showed “pipe- 
stem” sheathing. The nasal periphery at 
about three o'clock contained two localized 
areas of distorted vascular architecture in- 
volving both arterioles and venules (Fig. 3). 


t The use of the term “peripheral” or “periphery” 
in this paper to describe the location of retinal 
lesions refers to the limits of fundus visualization 
with direct ophthalmoscopy through a maximally 
dilated pupil. 
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SICKLE-CELL DISEASE—OCULAR MANIFESTATIONS 


ciated with tortuous anastomosing 


Fig. 1 (Case 1).—Temporal periphery, O. S. Multiple fibrous and/or gtial patches asso- 
vessels and vascular sheathing. A 


small circumscribed 


serous retinal detachment is present proximal to the patch at 2 o'clock. 


Fig. 2 (Case 1).—Superior periphery, O. S. A 


swollen venous segment from which vascular loops 
project toward the vitreous, terminating in bulbous 
dilatations. Other changes include sheathing of a 
venule, arteriolar tortuosity, and the presence of 
fine vascular twigs probably representing early 
neovascularization. 


Goodman et al. 


Beading and aneurysmal dilatations pre- 
dominated in the venules; tortuosity was 
the major change in the arterioles. 

Right Eye: A dense elevated mass of 
fibrous or glial tissue, from 4 to 7 disk 
diameters in size, covered the fundus in the 
lower temporal periphery. An arteriole and 
venule entered the mass but could not be 
distinguished beyond its nasal border, In 
the nasal periphery at about three o'clock 
an arteriole and a venule became part of an 
anastomosing network of vessels (Vig. 4). 
serry-shaped aneurysms were present along 
the border of the vascular network. 


The general physical examination was 


notable for the absence of splenomegaly and 
the presence of a healed sear above the 
medial malleolus of the left leg of the type 
frequently seen in sickle-cell anemia, 


Diagnostic Studies.—Serologic tests for 
syphilis, tularemia, and brucellosis were 
negative. The Toxoplasma dye test was 
positive in a 1:256 dilution, Skin testing 
resulted in positive reactions to toxoplasmin 
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Fig. 3 (Case 1).— 
Nasal periphery, O. S. 
An irregular network of 
arterioles and venules 
with patchy glial or 
fibrous proliferations. 
Tortuosity predominates 
in the arterioles, and 
beadine and aneurysmal 
dilatations, in the venules. 


ARCHIVES OF 


OPHTHALMOLOGY 


Fig. 4 (Case 1).— 
Nasal periphery, O. D. 
Superiorly there is an 
arborizing vascular net- 
work derived from an 
arteriole and venule. In- 
feriorly a venule shows 
irregular branching. 
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_& 


Chart showing inheritance of sickle-cell hemo- 
globin (S), hemoglobin C (C), and normal adult 
hemoglobin (4) in the families of Cases 1, 2, and 
3. For percentage of hemoglobin, see text. 


and PPD (second strength). There were 
no reactions to first and intermediate 
strength PPD or to Staphylococcus, Strep- 
tococeus, coccidioidin, and lymphogranu- 
loma venereum antigens. 

Hematologic studies showed a consistent 
leukocytosis (10,000 to 13,000), mild ane- 
mia (10 to 13 gm. of hemoglobin), positive 
sickle-cell preparations, and numerous tar- 
get cells. Red blood cell indices were as 
follows: mean corpuscular hemoglobin, 
20ny; mean corpuscular hemoglobin concen- 
tration, 28%, and mean corpuscular volume, 
77 cu. p. Reticulocyte counts varied from 
2% to 3%. Platelet count, bleeding time, 
clotting time, and prothrombin time were 
normal. There was a decrease in osmotic 
fragility of the red blood cells, 

The Chart summarizes the distribution 
of hemoglobin types in this family as de- 
termined by hemoglobin — electrophoresis 
( Tiselius method). The findings are given 
in Table 1. 

Repeated urinalyses disclosed a consistent 
2+ albuminuria, numerous red blood cells 
and/or white blood cells, and granular casts. 
Many oval fat bodies and fatty casts were 
present. Renal clearances and concentrating 


ability were depressed. Urine cultures re- 
vealed an unidentified Gram-negative rod in 
one instance and was negative on two other 
occasions. 

Blood urea nitrogen was 13 to 19 mg. per 
100 ce., and serum creatinine was 0.8 to 1 
mg. per 100 ce. Direct- and indirect-react- 
ing serum bilirubin was normal. Serum 
cholesterol was 280 mg. per 100 cc.; the 
total protein was 6.8 gm. per 100 ce., and 
the A/G ratio was 3:3.8, 

X-ray of the skull showed a circum- 
scribed area of decreased density interpreted 
as a developmental defect. Mucosal thick- 
ening was present in the ethmoid sinuses, 
X-rays of the chest, cervical spine, thoracic 
spine, lumbar spine, hands, knees, ankles, 
feet, hips, and pelvis were normal. An 
intravenous urogram demonstrated irregu- 
lar and blunted kidney calyces and dilation 
of the pelvis bilaterally. 

Course.—Within 10 days after hospital- 
ization the bright red patch in the lower 
temporal periphery had disappeared. The 
vitreous hemorrhage cleared gradually, but 
the serous retinal detachment remained un- 
changed during the month of hospitalization. 
There were no systemic complaints. The 
patient was discharged on March 30, 1956. 
In view of the history of exposure to a 
roommate with active pulmonary tuberculo- 
sis and the positive tuberculin test, the pos- 
sibility of a tuberculous etiology could not 
be excluded. Accordingly, she was placed 
again on an antituberculous regimen (strep- 
tomycin 0.5 gm. three times a week and 
isoniazid 300 mg. daily) as an outpatient. 

On April 28, 1956, the patient noted a 
bright red flash in her left eye, followed by 


TABLE 1,—Distribution of Hemoglobins in Members of the Families of 


Patients 1, 2, and 3 


Hemoglobin A, % 
Family A 


Mother (Case 1) 52 
Father 
son 
Son 
Daughter 
Family B 
Mother 
Father 
Son (Case 2) 
Daughter (Case 3) 
Daughter 
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Hemoglobin 8, % 


Hemoglobin C, % Diagnosis 

4s Sickle-cell hemoglobin C disease 
Normal 
Hemoglobin C trait 
Hemoglobin C trait 
Sickle-cell trait 


Sickle-cell trait 
Hemoglobin C trait 

Sickle-cell hemoglobin C disease 
Sickle-cell hemoglobin C disease 
Sickle-cell trait 


A B 
Als alc alc 
- 
2 
= 
2h 
53 
5h 
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Fig. 5 (Case 1).— 
Nasal periphery O. D. 
This is the lesion depicted 
in Figure 4, one month 
later. The upper vascular 
network is denser, with 
an increase in number and 


size of saccular 


aneu- 
rysms. Similar changes 
have developed below 


from branches of an 


arteriole and venule. 


a haze which greatly reduced vision. She 
was readmitted to the National Institutes 
of Health on May 2, 1956. The visual 
acuity of the left eye was reduced to 20/50. 
Many red cells and several red masses were 
dispersed in the vitreous. A few small 
bright red patches, strikingly similar to 
retinal tears, were noted in the far inferior 
temporal periphery, apparently in the retina. 
Otherwise, fundus details as observed 
through the vitreous haze, and confirmed 
when vitreous clearing had occurred, re- 
sembled those seen on the previous admis- 
sion. 

The lesions in the right eye appeared 
unchanged except for some increase in 
vascular pathology in the nasal periphery 
(Vig. 5). As compared with the first exam- 
ination (Fig. 4), the upper arborization 
showed an increase in caliber and number 
of anastomosing vessels and berry-shaped 
aneurysms. More dramatic changes were 
present below this area, where the small 
tortuous branches of the lower venular 
branch, the adjacent isolated vascular tufts, 
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and the neighboring arteriole, all noted on 
the previous examination (lig. 4), were 
now incorporated in a dense anastomosing 
network. 

The red patches in the left eye changed 
position repeatedly and disappeared within 
the first few days. The large red masses in 
the vitreous became slowly transformed into 
white cottony masses. At the time of the 
patient’s discharge the vitreous was free of 
red blood cells or red masses but white 
cottony substance persisted inferiorly. Vis- 
ual acuity was 20/20 without correction in 
both eyes. 

In contrast to the patient's feeling of 
well-being during the first hospitalization, 
she now complained of weakness and occa- 
sional sharp left upper quadrant abdominal 
pain, which were accompanied by a low- 
grade fever, elevated white blood cell count, 
and a decrease in hemoglobin of about 2 
gm. in comparison with that of the previous 
hospital admission. On May 25, 1956, a 
transfusion of 500 cc. of whole blood was 
begun. After receiving 450 cc. of blood, 
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Fig. 6 (Case 1).—Bulbar conjunctival vessels, O. S. A sketch of changes in the appear- 
ance of blood flow in a paralimbal vessel containing a microaneurysm observed over a period 
of about one minute. The stage at which cells have pooled in the aneurysm, and the afferent 


and efferent channels are empty of blood, simulates a_ petechia. 


under XX 40 magnification of a slit lamp. 


the patient experienced a brief chill followed 
by joint pain which lasted for the next 
three days. The recheck of blood typing 
confirmed earlier results; blood culture and 
a direct Coombs’ test were negative; serum 
bilirubin remained normal, and there was 
no hemoglobinuria. 

Following the transfusion there was sub- 
jective improvement, and the patient was 
discharged on June 5, 1956. In follow-up 
examinations during the next four months 
no significant change in the retinal pathology 
was observed. However, at the patient's 
last visit a careful examination was made 
of the conjunctival vessels with use of the 
slit-lamp biomicroscope at a fortyfold mag- 
nification. The findings included circum- 
scribed dilations of small vessels in many 
areas, with dense packing of the red blood 
cells and diminished flow in these dilated 


Goodman et al. 


Drawings were made 


segments. Particularly interesting was the 
presence of microaneurysmal dilations in 
the paralimbal conjunctival vessels (Tig. 6). 
Comment.—The patient is a 38-year-old 
Negro housewife who was_ hospitalized 
twice in two months because of recurrent 
vitreous hemorrhage in the left eye, with a 
history suggesting a similar episode four 
years previously, Hematologic investigation 
established a diagnosis of sickle-cell hemo- 
globin C disease. The fundus pathology, 
vascular in nature, embodied all the major 
findings in the reported cases of sickle-cell 
disease with retinopathy (see General Com- 
ment). It is noteworthy that an ocular 
complication was the first clinical manifesta- 
tion to result in hospitalization and the 
recognition of a hemoglobin disorder. 
Extraocular clinical symptomatology sec- 
ondary to the presence of sickle-cell hemo- 
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globin was restricted to joint and muscle 
pain in childhood. An exacerbation of 
symptoms followed a blood transfusion dur- 
ing the patient’s second hospitalization; 
similar complications have been reported in 
other cases of sickle-cell disease following 
compatible blood transfusions.’* The kidney 
pathology, evidenced by the findings on uri- 
nalysis and intravenous urography, was of 
uncertain etiology. However, recent reports 
of a variety of renal abnormalities in sickle- 
cell disease, ranging from functional 
changes "* to gross hematuria'’ and the 
nephrotic syndrome,'® suggest that the kid- 
ney disease in this case may also have been 
secondary to the hemoglobin disorder. 

Case 2.-A 15-year-old Negro youth has 
sickle-cell hemoglobin C disease 
complaints referable to the eyes. He was 
examined for evidence of ocular pathology 
on April 25, 1956. 

During childhood the patient was fre- 
quently hospitalized for arthralgias, which 
ceased at the age of 12. Since then he has 
had only oceasional transitory episodes of 
joint pain, lasting a few hours, and occur- 
ring twice a year. 


and no 


Fig. 7 (Case 2).—Temporal periphery, O. S. A 
large fibrous and/or glial patch with tortuous 
and anastomosing venules and arterioles at its 
proximal border and within its substance, Adjacent 
to its lower temporal border is a sharply circum- 
seribed bright red patch simulating a retinal tear. 


It probably represents a thin layer of preretinal 
hemorrhage. 


A.M. A. ARCHIVES OF OPHTHALMOLOGY 


Physical E.xamination,—The visual acuity 
of both eyes was 20/15, and no abnormali- 
ties were present on external examination 
and biomicroscopy of the anterior segments. 

A large elevated mass of fibrous or glial 
tissue covered a part of the lower temporal 
periphery of the left eye, with tortuous 
vessels in its substance and at its borders 
(Fig. 7). Immediately adjacent to the lower 
temporal border of the mass a sharply out- 
lined homogeneous red patch was lying next 
to or in the retina, simulating a retinal tear. 
In the superonasal periphery tortuous ar- 
terioles and venules formed a loose anasto- 
mosing system (Fig, 8). 
of vascular pathology were 
scattered through the superior and nasal 
periphery of the left eye. These included 
complete sheathing and/or obliteration of 
arterioles and venules and irregularities in 
caliber and abrupt terminations of their 
blood columns. Adjacent to sheathed or 
obstructed vessels twisting new vascular 
twigs were apparent, sometimes without 
visible connection to nearby vessels (as in 
Case 1, Figs. 2 and 4); at other places 
they gave rise to a convoluted network 
anastomosing with neighboring vessels (an- 
alogous to lig. 7). Patchy areas of chorio- 
retinal atrophy in the inferior and temporal 
periphery were similar to those seen in the 
third patient (lig. 9). Fundus examina- 
tion of the right eye revealed a round 
discrete silvery gray lesion in the superior 
periphery, appearing like a healed focal 
choroiditis; it was surrounded by glittering 
specks. 


Areas 


Course.—-May 28, 1956: The red patch 
in the lower temporal periphery O. S. still 
resembled a retinal tear, but it was faded 
and smaller. Serial sketching showed posi- 
tional changes in relation to an underlying 
artery. This suggested that the red patch 
was anterior to the retina and probably rep- 
resented a thin layer of preretinal hemor- 
rhage. 

Aug. 2, 1956: The large red patch had 
disappeared, but residues of it were scat- 
tered along the temporal margin of the glial 
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Fig. 8 (Case 2).—Superior retina, O. S. 


arterioles and venules 


mass. Several punctate red spots were noted 
on the surface of the left disk. 

The bulbar conjunctival vessels of both 
eyes on biomicroscopy exhibited saccular 
and sausage-like dilatations of fine branches 
which contained densely packed red blood 
cells. These changes appeared and disap- 
peared frequently within the hour, as a 
sign of their functional nature, but con- 
tinued to be seen in subsequent examina- 
tions. 

Aug. 24, 1956: As compared with the 
previous examination, fine branches of a 
venule had extended about | disk diameter 
closer to the glial mass in the left eye, and 
at the point of a terminal loop two small 


Goodman et al. 


A loose anastomosing network derived from 


berry aneurysms and a varicose aneurysm 
were noted, The small red spots on the 
temporal half of the optic disk were more 
prominent and were joined by others in the 
adjacent retina. The topical relation of two 


of these dots to small vessels suggested pin- 
point saccular aneurysms. 

March 13, 1957: The punctate red spots 
on the optic disk of the left eye were re- 
placed by a fine capillary network. A bright 
red patch was again seen temporal to the 
glial patch in the left eye. 


examination of the right eye revealed a 
variety of lesions which had not been seen 
on the previous examination. Arterioles and 
venules terminated abruptly in the preequa- 
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torial region nasally, and a short distance 
distal to the obstruction tortuous vascular 
twigs had developed, occasionally terminat- 
ing in a small red knob suggesting a termi- 
nal aneurysm. Two arterioles in this area 
became attenuated and could not be distin- 
guished for short distances and then ap- 
peared to continue as sharp chalk-white 
lines. This was almost identical with the 
appearance of the retinal vessels in Case 5 
(Fig. 20). A larger venule, about 4 disk 
diameters from the optic disk, showed focal 
narrowing, with a markedly dilated and 
cyanotic distal segment. Sheathing of both 
arterioles and venules was also visible. 

Diagnostic Studies.—Toxoplasmin skin 
test, test with second strength PPD, and 
Toxoplasma dye test were negative. 

Hematologic studies showed a hemoglobin 
of 12 gm., a hematocrit value of 32%, 
positive sickling preparations, and numerous 
target cells. Platelet count, bleeding time, 
coagulation time, and prothrombin time were 
within normal limits. The red blood cell 
indices were as follows: mean corpuscular 
hemoglobin mean corpuscular hemo- 
globin concentration 37%; mean corpuscu- 
lar volume, 78 cu. p. 

The Chart illustrates the distribution of 
hemoglobin types in the patient and his 
family as determined by hemoglobin electro- 
phoresis (Tiselius method). The findings 
are given in Table 1. 

Routine urinalysis was completely nega- 
tive, and a test of urinary diluting ability 
was normal. Determination of the maximal 
urinary osmotic pressure by the freezing 
point method, after 12 hours of water 
deprivation and vasopressin ( Pitressin) 
injection, showed a decrease in urinary con- 
centrating ability. This testing procedure, 
described by Keitel, Thompson and Itano,™ 
was also used in Case 3. 

A healed Ghon complex was observed on 
chest x-ray. 

Coment.—Case 2 is that of a 15-year-old 
Negro boy with sickle-cell hemoglobin C 
disease and no ocular complaints. A routine 
eye examination disclosed the presence of 
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vascular retinopathy and preretinal hemor- 
rhage in the left eye similar to the findings 
in Case 1. During the course of observation 
vascular changes also became manifest in 
the right eye. The patient had a history of 
joint and muscle pain during the first 10 
years of life, which necessitated hospitaliza- 
tion on several occasions, 

Case 3.—A 14-year-old Negro girl has 
sickle-cell hemoglobin C disease and no eye 
complaints. She was examined for evidence 
of ocular pathology on April 17, 1956. She 
is the sister of Patient 2. 

The patient has had intermittent joint and 
muscle pains since the age of one year. Dur- 
ing the previous few years these have been 
associated with abdominal pain and jaundice, 
occurring about every four to six weeks. 
Severe crises necessitated frequent hospital- 
izations and blood transfusions. Because of 
the occurrence of several episodes of severe 
left upper quadrant pain and_ tenderness 
during the previous year, recurrent splenic 
infarctions were suspected, and a splenec- 
tomy was performed on April 25, 1956. 
Pathologic examination of the spleen 
demonstrated hemosiderosis, multiple sub- 
capsular infarcts, thrombosed and partially 
calcified end-arteries, and fibrous thickening 
of the sinusoidal walls. In the year follow- 
ing splenectomy the patient has not had 
abdominal pain, nor has she required blood 
transfusions. 

Physical Examination.—Corrected visual 
acuity was 20/20 in both eyes. External 
examination and biomicroscopy of the cor- 
nea, anterior chamber, and lens were normal 
in both eyes. 

A localized area of pigmentary disturb- 
ance with a scalloped gray-white border was 
located in the midtemporal periphery of the 
right fundus, with small irregular venular 
branches at the borders of the lesion (Fig. 
9A). A similar lesion was seen in the in- 
ferior periphery of the left eye (Fig. 9B). 
In the temporal periphery of the left eye 

a round discrete area of heavy pigmentation 
was present, resembling a patch of healed 
focal choroiditis. There appeared to be an 
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Fig. 9 (Case 3).—Nasal periphery O D. A and inferior periphery O. S. B. 


Localized 


areas of hyperpigmentation with circumscribed white borders. An increase in branching and 


tortuosity of a venule is noted in A. 


increase in the number and tortuosity of 
small vessels in the retinal periphery of 
both eyes. 

Follow-up examinations of the fundus 
were made during the next six months and 
no further changes were noted. The con- 
junctival vessels, however, showed findings 
similar to those described in the conjunctiva 
of the patient’s brother (Case 2): sausage- 
like dilatations in the course of fine vessels, 
with densely packed red blood cells within 
these dilated segments. 

Diagnostic Studies —The Toxoplasma dye 
test was positive undiluted. A toxoplasmin 
skin test and test with second-strength PPD 
were negative. 

A hemotologic study done after splenec- 
tomy revealed a hemoglobin level of 12.7 
gm., hematocrit value of 35%, reticulocyte 
count of 2.7%, positive sickling prepara- 
tions, and numerous target cells. Electro- 
phoretic hemoglobin study (Tiselius method) 
showed 45% hemoglobin S and 55% hemo- 
globin C. The genealogy of the abnormal 
hemoglobins in the patient and her family 
is illustrated in the Chart; additional details 
are included in the report of Case 2. 

Routine urinalysis was completely nega- 
tive. A test of urinary diluting ability was 
normal, but urinary concentrating ability 
was depressed. Chest x-ray was negative. 

Comment.—Patient 3 is a 14-year-old 
Negro girl with sickle-cell hemoglobin C 


Goodman et al. 


disease and no ocular complaints. She is 
the sister of Patient 2. On a routine eye 
examination peripheral areas of chorioret- 
inal atrophy were noted. Unlike the other 
two patients with sickle-cell hemoglobin C 
disease, she has had severe extraocular 
symptomatology secondary to sickle-cell dis- 
ease, including jaundice, abdominal crises, 
joint and muscle pain, and recurrent splenic 
infarction—the latter necessitating a sple- 
nectomy at the age of 14. This observation is 
in keeping with the findings of Smith and 
Conley,'' who have shown that sickle-cell 
hemoglobin C disease may run the gamut 
from a mild disease to one which parallels 
the clinical course of sickle-cell anemia in 
the severity of its manifestations. 

Hyposthenuria was demonstrated in Cases 
2 and 3 despite the lack of abnormal find- 
ings on routine urinalysis or a history of 
kidney trauma or disease, This selective im- 
pairment of the ability to concentrate urine 
has been demonstrated in other cases of 
sickle-cell hemoglobin C disease, the trait, 
and the anemia.’* It has been suggested that 
subclinical intravascular sickling in the kid- 
ney may be the etiologic factor. 

Study of the distribution of hemoglobin 
types in the three patients with sickle-cell 
hemoglobin C disease and their families 
(Chart) supports the concept that hemoglob- 
ins S, C, and A are controlled by allelic 
genes.'7'* Neel et al.’® have pointed out that 
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a pedigree of the type depicted in the Chart, 
A, is particularly valuable in proving al- 
lelism or close linkage. The idea that the 
rate of hemoglobin synthesis is also under 
genetic control’? is strengthened by the 
presence of identical ratios of hemoglobins 
C and A in the two siblings of Case 1, with 
hemoglobin C trait, and almost identical 
ratios of hemoglobins S and C in Cases 2 
and 3, who are brother and sister. 

Case 4.—A_ 34-year-old Negro man 
sustained an injury to his left brow in 1944. 
During the next five years he had repeated 
episodes of painless clouding of vision O. S. 
In 1949 he complained of eye pain for the 
first time. Examination at the Veterans’ 
Administration Hospital, Indianapolis, re- 
vealed an aqueous flare, posterior synechiae, 
and a complicated cataract. The retina was 
difficult to visualize, but a dense white mass 
could be distinguished in the periphery. A 
diagnosis of atrophia bulbi, O. S., was made, 
and an enucleation was performed in De- 
cember, 1949. The specimen was forwarded 
to the Armed Forces Institute of Pathology. 
Dr. Lorenz Zimmerman, of the Armed 
Forces Institute of Pathology, provided 
histologic sections, stained according to the 
hematoxylin-and-eosin, periodic acid-Schiff, 
Masson trichrome, and Van Gieson_ tech- 
niques, for study at the National Institutes 
of Health. 

Cornea, sclera, and uveal tract were nor- 
mal except for the presence of posterior 
synechiae, The anterior chamber contained 
pink-staining material in the hematoxylin- 
There 


moderate amount of pigment trapped in the 


and-eosin-stained — sections. was a 
trabecular meshwork of the open angle. 
Remnants of the lens indicated the presence 
of a posterior cortical cataract with prolifer- 
ation of nucleated elements in the involved 
area. 
hemorrhage and pigment-laden phagocytes 
occupied part of the anterior portion of the 
posteriorly detached vitreous. 


The residues of an extensive vitreous 


The retina, which was the seat of the 
major pathological changes, was artificially 
detached by the formalin fixation, except for 
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a slight degree of antemortem detachment 
indicated by a thin layer of  subretinal 
transudate containing some migrated pig- 
ment epithelial cells. There was a massive 
gliosis affecting the inner layers of the 
retina around the optic nerve, which in- 
volved the entire temporal half of the retina 
up to the equatorial zone. A preretinal vas- 
cularized fibrous membrane blended with the 
glial proliferation and produced deep retinal 
folding near the nerve head (Figs. 10 and 
11). At several sites hemorrhagic extrav- 
asates were located in the nerve, ganglion 
cell, and inner nuclear layers (Vig. 13). 
The outer layers of the retina were relatively 
well preserved except in the periphery, 
where gliosis and cystoid degeneration were 
present. 

The lumina of dilated retinal vessels were 
filled with blood or, occasionally, with a 
homogeneous material. Other branches were 
partially obliterated (Fig. 11) and gave rise 
to neovascularization in the form of closely 
packed capillary tufts (Figs. 12 and 14). 
Some of the large vessels showed lympho- 
cytic cuffing (Fig. 15). The red blood cells 
in the apparently congested vessels (Tig. 
16) did not exhibit the sickling phenomenon 
to the same degree as the erythrocytes with- 
in the retinal hemorrhages (Fig. 13), in the 
thin layer of blood within the subretinal 
space, and in the hemorrhagic debris lying 
in the vitreous (Fig. 17).§ 

Since August, 1950, the patient has had 
several episodes of “smoky vision” O. D. 
with gradual clearing. On two occasions 

§ The question of whether distortion of red blood 
cells by formalin fixation can mimic sickling or 
whether formalin itself increases the number of 
sickled forms has been dealt with recently by 
Mostofi, Vorder Bruegge, and Diggs.” They 
concluded that the sharp-pointed projections and 
crescent shapes of sickled red cells can be readily 
distinguished from the irregular forms and blunt 
projections of erythrocytes in formalin-fixed ma- 
terial. They add: “It is our belief that unless 
tissue is subjected to undue exposure to air before 
formalin fixation, the red blood cells, including 
the sickled ones, will be preserved in essentially 
unchanged form, and that any distortion will be on 
the side of decreased rather than increased promi- 
nence of the morphologic characteristics.” 


Vol. 58, Nov., 1957 


| 


Fig. 10 (Case 4).—Preretinal fibrous tissue blending with glial pro- 
liferation in the peripapillary area of the retina. Masson’s trichrome 
stain; reduced slightly from mag. x 80 


Fig. 11 (Case 4).—Deep retinal folding with fibroglial tissue prolif- 
eration and neovascularization around obliterated small vessels. Van 
Gieson stain; x 90. 


Fig. 12 (Case 4).—Tufts of proliferated capillaries in the 
PAS stain; « 550. 
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Fig. 13 (Case 4).— 
Sickled red cells in area 
of retinal hemorrhage. 
Van Gieson stain; re- 
duced about 1/3 from 
mag. 550. 


Fig. 14 (Case 4).— 

Newly formed retinal 
capillaries. PAS © stain; 
reduced about, 1/3 from 
mag. 550. 


Fig. 15 (Case 4) 
Lymphocytic cuffing of 
congested retinal vein. 
Hematoxylin and eosin 
stain; reduced about 1/3 
from mag. 350 
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when he was examined during these attacks 
definite evidence of vitreous hemorrhage 
was found. Grayish-white deposits were 
noted in the vitreous during an asympto- 
matic period, and these were considered to 
be the residua of previous vitreous hemor- 
rhage. fundus examination in 1950 showed 
several areas of glial-like proliferation in the 
retinal periphery with many small vessels 
at the summit of these white lesions, which 
were described as “aneurysmal” and “like a 
caput medusae.” 


Perivasculitis and a dis- 
turbed vascular pattern preceded the lesions. 
An elevated and pigmented patch was seen 
inferiorly and was likened to a_ healed 
chorioretinitic focus. On reexamination, in 
1957, visual acuity was 20/20, but there was 
a white glial-like flap in the inferior fundus 


Fig. 17 (Case 4). 
Sickled red cells in ab- 
sorbing hemorrhage in 
anterior part of vitreous. ¢ 
Van Gieson stain; re- 
duced about 1/3 from 
mag. & 550. 
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Fig. 16 (Case 
Congested retinal vein. 
Sickling less apparent 
than in retinal (Fig. 13) 
and vitreous (Fig. 17) 
hemorrhage. Van Gieson 
stain; reduced about 1/3 
from mag. 550 


4). 


periphery from 3 to 9 o'clock, perivascular 
sheathing of arterioles and venules, and the 
pigmented patch which had been noted 
previously. 

The patient had an episode of jaundice in 
1945, while stationed in the Phillipines, and 
several hospital admissions for an enlarged 
and painful spleen. Marked splenomegaly 
has persisted to the present. 

In 1952, following a year of employment 
as an attendant in a tuberculosis isolation 
ward, active pulmonary tuberculosis was 
discovered. Chest x-rays prior to 1952 were 
reviewed and found to be normal, and there 
was no family history of tuberculosis. It is 
important to note that the patient’s exposure 
to tuberculosis, and evidence of active in- 
fection, occurred several years after ocular 
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pathology was noted in either eye. This 
fact, in addition to the lack of tuberculoid 
lesions in the histologic sections of the left 
eye and the similarity of the fundus lesions 
in the right eye to those in other cases of 
sickle-cell disease, is sufficient to eliminate 
consideration of tuberculosis as the etiologic 
factor in this patient’s eye disease. 

The presence of a sickling tendency was 
known for many years. The patient was 
diagnosed as having sickle-cell trait or 
anemia during his hospitalizations. He is 
listed as Case 3 in the report of Henry and 
Chapman *° and was classified by them as 
having sickle-cell anemia. Hemoglobin elec- 
trophoresis was performed on the patient’s 
blood at the National Institutes of Health 
in February, 1957, and both sickle-cell hemo- 
globin (55%) and hemoglobin C (45%) 
were found. This clearly established a diag- 
nosis of sickle-cell hemoglobin C disease. 

Hematologic studies have been performed 
many times during the patient’s hospitaliza- 
tions. Hemoglobin values were 13 to 14 
gm.; reticulocyte counts, about 1%, and 
target cells have always been numerous. 
Bleeding, coagulation, 
times have been 


and prothrombin 
normal on all occasions. 
Erythrocyte fragility was moderately de- 
creased. 

A urine concentration test in 1952 showed 
a specific gravity not exceeding 1.015, but a 
urine dilution test was normal. Routine 
urinalyses were normal except for one epi- 
sode of pyuria and specific gravities which 
were consistently below 1.015. 

Comment.—The patient is a 34-year-old 
Negro man with a diagnosis of sickle-cell 
hemoglobin C His left eye was 
enucleated in 1949, after five years of “re- 
current blindness” (probably repeated  vi- 
treous hemorrhages), which is said to have 
begun after a blow to the left brow. Patho- 
logic examination 


disease. 


showed a complicated 
cataract, sickled erythrocytes in the vitreous, 
and retinal changes including gliosis, a 
preretinal fibrous membrane, new vessel 
formation, obliterated vessels, retinal hemor- 


rhage, and perivascular round-cell cuffing. 
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Since 1950 there have been repeated epi- 
sodes of spontaneous vitreous hemorrhage 
in the right eye, followed by gradual clear- 
ing. On examination of this eye in 1950 
and 1957 glial proliferation and vascular 
changes were noted similar to those found in 
Cases 1 and 2 of this study. 

The extraocular manifestations of sickle- 
cell disease in this patient include decreased 
urinary concentrating ability, a finding noted 
in all the patients of this series, and 
splenomegaly, a finding prominent in many 
cases of sickle-cell hemoglobin C disease." 

Case 5.—An 18-year-old Negro woman 
with known sickle-cell disease noted blurring 
of vision in the left eye while she was in 
active labor on Novy, 28, 1956, at District 
of Columbia General Hospital. (The patient 
had been followed carefully in prenatal 
clinic with monthly urinalyses and_ blood 
pressure determinations, and there was no 
sign or symptom of toxemia of pregnancy). 
Following delivery of a viable premature 
baby one day later, she informed the ob- 
stetrician of her visual difficulties. Ophthal- 
mologic examination revealed an exudative 
elevation and edema of the retina at the 
posterior pole, with scattered retinal hemor- 
rhages throughout the periphery of the 
fundus, and one preretinal hemorrhage ad- 


Fig. 18 (Case 5).—Superior nasal retina, O. S. 
Focal narrowing of the blood column in = an 
arteriole and venule one week after onset of symp- 
toms. Several days later these vessels appeared 
normal. 
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jacent to the macula O. S. Examination a 
week later disclosed fading of the hemor- 
rhages and irregular narrowing, dilatation, 
and interruption of the blood column in 
arterioles and venules (Fig. 18). Arterial 
and venous pulsations on the optic disk could 
be elicited with digital pressure. 

Since the age of 4 years the patient has 
had innumerable attacks of severe arthral- 
gias, muscle pain, and anemia, with frequent 
hospitalizations for blood — transfusions. 
There have also been several episodes of 
“pneumonia,” which were suggestive of in 
situ pulmonary infarction. Urinary specific 
gravity has never exceeded 1.016 in over 20 
hospital admissions, and there have been 
several attacks of acute pyelonephritis. 

During this pregnancy the patient denied 
the occurrence of sickle-cell crises. She was 
compensated at a hemoglobin level of 7 to 8 
gm. and had not required transfusions for 
over a year. For the two months prior to 
delivery, and during her postpartum course, 
she received a vasodilating drug (nylidrin 
| Arlidin], 24 mg. daily) to aid in preventing 
obstructive vascular complications. 

The patient was admitted to the Ophthal- 
mology Branch of the National Institutes of 
Health on Dec, 12, 1956, for study of 
retinal pathology in the left eye presumed 
to be secondary to sickle-cell disease. 
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Physical Examination.—Visual acuity in 
the right eye was correctible to 20/20. 
External and internal examinations were 
normal. 

Vision in the left eye was finger counting 
at 1 ft. There were no abnormalities on ex- 
ternal examination and biomicroscopy of the 
anterior segment. Fundus examination dis- 
closed edema of the macular area extending 
nasally to the optic disk. A_ preretinal 
hemorrhage was still present in this area, 
but the retinal hemorrhages had almost dis- 
appeared. Though arterial pulsations could 
be elicited in the arteries on the optic disk, 
the caliber of veins and arteries emerging 
from the disk was smaller than in the right 
eye. 

There localized constrictions and 
dilatations of arterioles and venules through- 
out the temporal retina (Fig. 19) and in the 
venules of the nasal retina beginning in the 
preequatorial region and extending periph- 
erally. The blood column in these involved 
vessels ranged from a normal deep red color 
to areas of light pink and pale white. In the 
pink-colored segments there was a granular 
appearance produced by clusters of erythro- 
cytes which showed no movement. 


were 


Visual field examination with a 10 mm. 
white target at 330 mm. showed retention of 
a 50-degree segment of temporal field, be- 
ginning at the optic disk. The remainder of 


Fig. 19 (Case 5).— 
Posterior pole and tem- 
poral retina, O. S. 


Hyperemia of the disk 
and edema in the macular 
area are associated with 
multiple constrictions and 
dilatations of the blood 
column in arterioles and 
venules. The beginning of 
the chalk-white appear- 
ance of vessels in the 
temporal retina is visible. 
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the temporal field and almost the entire nasal 
field were lost under these conditions of 
testing. These visual field findings suggested 
retinal dysfunction in the nasal periphery 
and throughout the temporal retina—the 
areas where vascular abnormalities were 
noted on ophthalmoscopy. 

Diagnostic Studies.—The white blood cell 
count was 13,700, with a normal differential 
count. The red blood cell count was 3,360,- 
000; the hemoglobin was 6.9 gm., and the 
hematocrit value was 25%. Red blood cell 
indices showed a mean corpuscular volume 
of 74 cu. », a mean corpuscular hemoglobin 
of 20uy, and a mean corpuscular hemoglobin 
concentration of 28%. Serum iron was 65 
mg. per 100 cc. The reticulocyte count was 
6.9%. <A_ sickling preparation was im- 
mediately positive. 

Hemoglobin electrophoresis revealed over 
99% of a component with the same electro- 
phoretic mobility as sickle-cell hemoglobin 
and an insignificant amount of fetal hemo- 
globin. Hemoglobin solubility studies dis- 
closed a higher solubility than is usually 
found in cases of sickle-cell anemia, with 
low proportions of fetal hemoglobin. The 
electrophoretic and solubility studies sug- 
gested the presence of sickle-cell hemoglobin 
D disease. However, microcytosis and such 
low levels of fetal hemoglobin have not been 
reported in this condition. Furthermore, 
the diagnosis could not be confirmed by 
familial hemoglobin studies, since the pa- 
tient’s father was unavailable for study. In- 
vestigation of the patient’s mother revealed 
sickle-cell hemoglobin and normal hemo- 
globin, i.e., sickle-cell trait. 

Bleeding time, coagulation time, platelet 
count, and prothrombin time were normal. 
Serum calcium was 10.1 mg. per 100 ce. 
Cephalin negative; 
serum bilirubin was 0.7 mg. per 100 cc., 
and serum cholesterol was 185 mg. per 100 


flocculation test was 


cc. Blood urea nitrogen was 11 mg. per 
100 cc. A 
showed a specific gravity of 1.014 and no 


catheterized urine specimen 


albumin, sugar, cells, or casts. 
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X-ray of the skull revealed no abnormali- 
ties. Chest x-ray disclosed an enlargement 
of the heart in its transverse diameter; this 
was believed to be consistent with mild 
cardiac enlargement on the basis of anemia. 

Course.—There was a gradual decrease in 
edema at the posterior pole, with an increase 
in visual acuity from finger counting at 1 
ft. to finger counting at 3 ft. The venules 
and arterioles in the temporal retina and the 
peripheral portions of the venules in the 
nasal retina became chalk-white within 
several days (Vig. 20). A few stationary 
clusters of erythrocytes appeared as light- 
pink areas within the white vascular tree. By 
the time of discharge, one week later, even 
the delicate capillary-like vascular arcades, 
which are ordinarily invisible on ophthalmos- 
copy, were easily discernible as a white lat- 
ticework in the temporal retina (Fig. 21). 
Three months later the white material was 
present only in isolated segments of vessels. 
The arterioles and venules which had 
previously appeared chalk-white were atten- 
uated and barely discernible except where a 
pale gray vascular sheathing outlined their 
course. Adjacent to the sheathed and ob- 
structed delicate tortuous 

formed vessels were now apparent. 


vessels new- 


Fig. 20 (Case 5).—Temporal retina, O. S. 
Fundus photograph of the chalk-white vessels 
which developed in an area of stasis. The smallest 
retinal vessels appear as fine anastomosing white 
lines in the background. 
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Fig. 21 (Case 5).— 
‘Temporal retina, O. §S. 
A sketch of the white 
appearance of the finest 
retinal vessels. This deli- 
cate white  lattice-work 
was present throughout 
the temporal retina and 


in the nasal periphery 
distal to obstructed ves- 
sels, 


Comment.—An_ 18-year-old Negro girl 
with sickle-cell disease, during active labor, 
several hours before delivery of a premature 
baby, noted a marked reduction of vision 
in the left eye. Subsequent examinations 
revealed an atypical picture of stasis and 
obstruction in the retinal vascular bed, with 
secondary retinal edema and visual field loss. 

Hemoglobin electrophoresis and solubility 
studies demonstrated the presence of sickle- 
cell hemoglobin and another abnormal hemo- 
globin of similar electrophoretic mobility, 
suggesting sickle-cell hemoglobin D disease. 
The extraocular symptomatology related to 
sickle-cell disease in this patient resembled 
the severe manifestations noted in sickle-cell 
anemia. Hemolytic crises and episodes of 
joint and muscle pain necessitated repeated 
hospitalizations from early childhood. A 
diagnosis of in situ pulmonary infarction 
was made on two occasions when the patient 
was admitted with “pneumonia”; this com- 
plication of sickle-cell disease is being found 
with increasing frequency.*! Hyposthenuria 
was present, as in all other patients in this 
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study. The repeated attacks of pyelonephritis 
may also have been a reflection of sickle-cell 
renal involvement, since the incidence of 
pyelonephritis is reported to be increased in 
all types of kidney disorders,’ and this has 
been noted as well in sickle-cell disease.” 


General Comment 

1. Ocular Findings.—The ocular changes 
in the five patients with sickle-cell disease 
presented in this study were predominantly 
vascular in nature, involving retina, optic 
disk, and conjunctiva, Retinal, preretinal, 
or vitreous hemorrhage occurred in four 
patients. 

The retinal pathology in the four patients 
with sickle-cell hemoglobin C disease com- 
prised a variety of lesions, usually peripheral 
in location, with a predilection for the 
temporal retina. Single and multiple patches 
of retinitis proliferans were present in two 
patients (Figs. 1 and 7). Tortuous and 
anastomosing venules and arterioles were 
associated with the proliferating glial or 
fibrous tissue masses at their borders, on 
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their surface, or beneath. In other areas of 
arborizing retinal vessels glial tissue was 
completely absent or confined to a fine veil 
(Figs. 3 to 5 and 8). 

A loose anastomosing vascular network 
was seen in Case 2, derived from arterioles 
and venules (Fig. 8). Dense circumscribed 
networks in Case 1 were notable for the 
presence of multiple saccular and varicose 
aneurysms (Figs. 3 to 5); in those areas 
where venous and arterial tributaries could 
be separated, the aneurysms, and the major 
portion of the arborization, appeared to 
originate from the venous side. The evolu- 
tion of a vascular network could be fol- 
lowed in Case 1 (Figs. 4 and 5). First, 
there were fine vascular tufts adjacent to an 
irregularly branching venule. These vessels, 
and a neighboring arteriole, then became 
incorporated into a single arborizing unit in 
which aneurysmal dilatations were promi- 
nent. 

Retinal aneurysms were noted in two 
areas of localized venous pathology at the 
point where looping of a vessel occurred 
(Case 1). In one instance the vascular loops 
projected into the vitreous from a dilated 
venous channel and the aneurysms occurred 
as terminal bulbous dilatations within the 
vitreous (Fig, 2). Varicose and saccular 
aneurysms were also seen in a vascular loop 
lying in or on the retina, which had de- 
veloped from the fine branches of a periph- 
eral venue. Other changes present in both 
arterioles and venules included beading, 
sheathing, tortuosity, abrupt terminations of 
the blood column, and the development of 
twisted vascular tufts adjacent to such areas 
of pathology. The chalk-white appearance 
of vessels distal to obstructions, as noted in 
Case 2, will be discussed in connection with 
similar changes in Case 5. 

Peripheral areas of pigmentary change in 
two subjects were characterized by a scal- 
loped gray border (Fig. 9); they were in- 
terpreted as chorioretinal atrophic changes. 
Pigmented circumscribed lesions, similar 
to focal areas of healed chorioretinitis, were 
also observed. 


Goodman et all. 


The appearance of punctate red spots on 
the optic disk of Case 2 suggested pinpoint 
saccular aneurysms or the end-on view of 
proliferating vessels. Several months later a 
network of fine small blood vessels was 
evident on the disk in this region, 

Conjunctival changes in the first cases 
consisted of sausage-like dilatation of fine 
vessels, with red blood cells massed in the 
dilated segments; saccular microaneurysms 
were discovered in Case 1 (Fig. 6). A com- 
parative study of normal patients and those 
with sickle-cell disease will be necessary to 
validate the significance of these observa- 
tions, because of the well-known variability 
in configuration of conjunctival vessels in 
normal subjects. 

A distinctive finding in two cases was the 
presence of preretinal hemorrhages in the 
temporal periphery, simulating retinal tears. 
This was first noted by one of us (M. G, 
H.) in a patient with sickle-cell retinopathy 
not included in this study. The major points 
of resemblance between the hemorrhage in 
its early stages and retinal tears were as 
follows: the luminous red color, which was 
also apparent in the intraretinal hemorrhages 
of Case 5; sharp ragged borders, without 
the formation of a horizontal upper edge 
characteristic of preretinal hemorrhages; the 
thinness of the hemorrhagic layer and its 
close proximity to the retinal surface, which 
accounted for the lack of elevation and 
absence of shadow cast on the retina. Sub- 
sequently, these red patches could be dif- 
ferentiated from retinal tears by their 
mobility, fragmentation, and disappearance 
or their transformation into grayish-white 
vitreous deposits. 

The histologic findings in Case 4 com- 
plemented the clinical observations in this 
patient’s second eye and in the other cases 
of sickle-cell hemoglobin C disease. There 
was new vessel formation, a fibrous vascular 
membrane on the surface of the retina, 
obliterated vessels, and  preretinal and 
vitreous hemorrhage in which sickled cells 
could be seen. Among the interesting facts 
derived from the histologic examination were 
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the presence of both fibrous and glial ele- 
ments in the areas of retinitis proliferans 
and the higher percentage of sickled cells 
noted in the vitreous, where oxygen tension 
is lowest, as compared with the lesser degree 
of sickling intravascularly. However, no 
significant difference could be found between 
the number of sickled cells in the arterioles 
and in the venules. It is doubtful whether 
the perivascular round-cell infiltration played 
a significant role in the development of the 
retinopathy in view of the small number of 
involved vessels. 

The fundus pathology in Case 5 was 
acute in onset and consisted of retinal edema 
extending from the optic disk to the macular 
area, retinal and preretinal hemorrhages, and 
narrowing, dilatations, focal constrictions, 
and interruptions of the blood column in 
arterioles and venules (Figs. 18 and 19). 
This was not a central retinal artery ob- 
struction, since arterial pulsation could be 
elicited on the disk, the edema was restricted 
to a small area of fundus, and venous 
pathology predominated. Central venous 
obstruction could also be excluded, since 
venous tortuosity was absent, venous dila- 
tion was present only in scattered segments 
of venules distal to constrictions, and hemor- 
rhages were minimal. Though the exact 
nature of the obstructive vascular process in 
this patient was uncertain, the focal involve- 
ment of vessels in all quadrants suggested 
multiple lesions due to vasospasm or intra- 
vascular obstructions. 

One week after the onset of symptoms the 
blood column in the areas of vascular pathol- 
ogy showed pink segments in which station- 
ary clusters of erythrocytes could — be 
distinguished, There was a gradual trans- 
formation from pink to white within the 
next week so that a large portion of the 
retinal vascular bed became  chalk-white 
(Figs. 19 to 21), followed by partial dis- 
appearance of this whiteness during the 
next three months. The short period of 
time in which these changes appeared and 
disappeared indicated that they were due to 
abnormalities occurring in the intraluminal 
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contents rather than in the vessel wall. Simi- 
lar changes in vessel color developed in the 

right eye of Case 2, 

The possibility that this stark white ap- 
pearance of the blood column might be re- 
lated to abnormalities of calcium or lipids 
was investigated in Case 5. Blood cholesterol 
levels were normal, and inspection of the 
patient’s serum showed no evidence of hy- 
perlipemia. There was no elevation of blood 
calcium; orbital tomograms disclosed no 
evidence of calcification within the eye, and 
x-rays did not show abnormal calcification 
elsewhere in the body. Another considera- 
tion was that the white contents represented 
blood devoid of hemoglobin, as it might oc- 
cur if there was a separation of serum from 
cells in an area of stasis or if severe 
hemolysis had developed. The latter explana- 
tion was suggested by Dr. Ben Fine, of the 
Armed lorces Institute of Pathology, and is 
based on the fact that sickling is enhanced 
by the decreased oxygenation and accumula- 
tion of acid metabolites which develop after 
vascular obstruction and the sickled cells 
which result can be rapidly hemolyzed.** 
ine *4 demonstrated that increasing degrees 
of in vitro hemolysis of normal or sickled 
red blood cells produced a_ residue of 
hemolyzed cells varying in color from crim- 
son to pure white. Electron microscopy con- 
firmed the fact that the white material 
consisted of masses of fragmented erythro- 
cyte membranes devoid of hemoglobin. These 
experiments support the idea that the white 
appearance of intravascular content’ in some 
patients with sickle-cell disease may be due 
to the hemolysis of sickled erythrocytes in 
areas of stasis. 

The ocular changes in sickle-cell disease 
reported in the literature, exclusive of scleral 
and conjunctival icterus, are listed in Table 
2. They include vitreous hemorrhage ':*?: 
retinitis proliferans,*” aneurysmal vas- 
cular dilatations,?*** and peripheral chorio- 
retinal atrophy,” all of which were noted in 
the present study. Certain of these findings 
deserve special mention related to observa- 
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TABLE 2.—Review of Literature 


Flectrophoretic Cases Examined, Cases with Type of Ocular Pathology 
Reference Diagnosis Confirmation N Ocular (Cases, No.) 
Pathology, No. 
Harden (1937) ** Anemia No 2 2 Dilated and tortuous veins; lesser di- 
latation of arteries (2) 
Klinefelter (1942) *« Anemia No 12 7 ‘Tortuous veins (7) 
Henderson (1950) '* Anemia No i 1 Retinal hemorrhage (1) 
Edington & Sarkies 8-C disease Yes* 2 2 Retinal microaneurysms (2) 
952) *7 Retinal hemorrhage (1) 
Vitreous hemorrhage (1) 
Rudd, Evans, & 8-C disease or Not 1 i Retinal and vitreous hemorrhage and 
Peeney (1953) ** 8-thalassemia exudation (1) 
Henry & Chapman Anemia Not 10 5 Retinal hemorrhage (2) 
(1954) #° Vitreous hemorrhage (2) 
Retinitis proliferans (2) 
Chorioretinal atrophy (3) 
‘Tortuous veins (1) 
Trait Not 19 4 Retinal hemorrhage (3) 
Vitreous hemorrhage (1) 
Glial proliferation (2) 
Chorioretinal atrophy (1) 
Ketinal detachment (1) 
Smith & Conley Anemia Yes 15 4 ‘Tortuous veins (14) 
(1954) 
8-thalasse mia Yes 4 1 ‘Tortuous veins (1) 
8-C disease Yes 16 5 ‘Tortuous veins (2) 
Vitreous hemorrhages (3) 
Retinal aneurysmal dilatations (1) 
Kabakow, Weimokly, Trait § Yes 1 1 Bilateral central retinal artery occlu- 
& Lyons (1955) ** sion (1) 
Hannon (1956) **4 Anemia Some 53 2h Dilated and tortuous veins (25) 
Trait Some #2 1 Dilated and tortuous veins (1) 
8-C disease Yes 20 7 Vitreous hemorrhage 


Occlusions of terminal arterioles and 
venules 

Anastomosing vascular networks and 
twisted venules with terminal dila- 
tations extending into the vitreous 


* Both cases were originally classified as the anemia. Electrophoretic study later demonstrated sickle-cell hemoglobin C disease in 


the first case. ** The absence of anemia, presence of 75% target cells, marked splenomegaly, and the high incidence of hemoglobin C 
in the region of Africa from which this patient came strongly implicate sickle-cell hemoglobin C disease in the second case. 

t This case was reported as thalassemia minor with sickling in a West African Negro, but the hematologic findings are also consist- 
ent with sickle-cell hemoglobin C disease. Hemoglobin electrophoresis would be required to establish the correct diagnosis. The high 
incidence of hemoglobin C in West Africans is in favor of sickle-cell hemoglobin C disease. 

{ The authors state that electrophoretic studies were performed in a few of these cases. Since no details are given, it is uncertain 
whether such testing was done to confirm the diagnosis in any of the patients who demonstrated ocular changes. Recently, Case 3 of 
their paper was investigated electrophoretically and sickle-cell hemoglobin C disease was demonstrated (see Case 4 of the present 


study). 
§ Active pulmonary tuberculosis and systemic | 
¢ This study includes case material reported by 


tions in the four patients with sickle-cell 
hemoglobin C disease. 

The multiple areas of glial proliferation 
and vascular tortuosity in Case 1 (Fig. 1) 
parallel the appearance and location of simi- 
lar in patient with. sickle-cell 
anemia reported by Henry and Chapman *; 
the fundus drawings are strikingly similar. 
Two other patients in their series also 
showed multiple localized areas of glial pro- 
liferation. 


lesions a 


The microaneurysms noted by 
Edington and Sarkies** occurred the 
course of, or adjacent to, peripheral venules, 
and a similar association between micro- 
aneurysms and venules was frequently seen 
in this study. Hannon,** in his important 
contribution to the diagnosis of sickle-cell 
retinopathy, described arborizing vascular 
networks in relation to venules, terminal dila- 
tations of twisted venules projecting into the 
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y ave erythematosus were also present in this patient. 
mith and Conley. '' 


vitreous, multiple occlusions of peripheral 
venules and arterioles, and vitreous hemor- 
rhage in patients with sickle-cell hemoglobin 
C disease. 


| These changes, and their tend- 


|| The patient presented as Case 3 by Hannon 
was hospitalized at the National Institutes of 
Health in February, 1957, for recurrent vitreous 
hemorrhages ©. D. At the time of Hannon’s last 
examination, in March, 1956, there was a massive 
vitreous hemorrhage present O. S. and vascular 
abnormalities and retinal hemorrhage O. D., with 
a salmon-pink exudative plaque in the temporal 
periphery O. D. Scleral diathermy to the right eye 
was recommended, but it was refused by the patient. 
Examination at the N. I. H. in February, 1957, 
revealed a dense cataract O. S., preretinal and 
vitreous hemorrhages O. D., and a zone of glial 
proliferation from 8 to 11 o'clock O. D. The 
hemorrhage in the vitreous was observed to undergo 
changes from red, to pink, to a grayish-white 
cottony substance, as noted in Case 1 of this study. 
It is probable that the exudative salmon-pink mass 

(Footnote continued on following page) 
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ency to begin in peripheral temporal quad- 
rants, were also noted in the present study. 

The findings in the four patients with 
sickle-cell hemoglobin C disease thus reflect 
the full range of retinal pathology previously 
described in sickle-cell disease and serve as 
an additional confirmation of sickle-cell 
retinopathy as a distinct clinical entity. Ob- 
servations as yet unreported in other studies 
include preretinal hemorrhages simulating 
retinal tears, neovascularization and micro- 
aneurysm formation on the optic disk, areas 
of rete mirabile in which both arterioles and 
venules participate, vessels appearing chalk- 
white owing to changes in their contents, and 
conjunctival vascular abnormalities. 

2. Relation to Pathophysiology of Sickle- 
Cell Disease.—The pathologic manifesta- 
tions of sickle-cell disease have been related 
to the properties of the abnormal sickle-cell 
hemoglobin.** Under conditions of lowered 
oxygen tension this hemoglobin aggregates 
and the red blood cells assume a distorted 
shape. The sickled cell lacks the easy flexi- 
bility of normal erythrocytes; its rigidity 
and abnormal shape may lead to blockage of 
terminal capillaries.** There is also a defin- 
ite increase in viscosity of sickled blood 
which is attributed to the enmeshing and 
interlocking of the sickled erythrocytes. 
This change in viscosity is part of a cycle 
in which stasis, decreased pH, and continued 
tissue oxygen uptake increase the sickling 
and stasis. The viscous conglomerates which 
develop in the small vessels of the body may 
lead to obstruction and infarction, which 


described by Hannon represented a stage in the 
transformation of a vitreous hemorrhage. The 
preretinal hemorrhages exhibited the same close 
resemblance to retinal tears described in two other 
patients in this report. While the patient was under 
observation a massive spontaneous vitreous hemor- 
rhage occurred in the right eye which obscured all 
fundus details and left the patient with light per- 
ception only. In assessing the tendency to vitreous 
hemorrhage in this patient, it should be noted that 
an unexplained thrombocytopenia and elevated pro- 
thrombin time were present, in addition to the 
sickle-cell retinopathy. This patient was referred 
for study from the National Naval Medical Center, 
Bethesda, Md. 
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frequently occur without the formation of 
true vascular thrombi.** Bauer has sug- 
gested that there is no other pathologic proc- 
ess in which stasis and impaction of 
erythrocytes occur to the same degree as in 
sickle-cell disease. 

Since a multitude of physiologic factors 
may affect the sickling process, it is difficult 
to assess the vulnerability of a given organ 
to sickle-cell pathology. Nonetheless, it is 
interesting to note that the retina possesses a 
high rate of glycolysis,®® which favors a 
rapid depletion of oxygen from circulating 
red blood cells. This may be an important 
factor in the precipitation or augmentation 
of sickling within the retinal capillary bed. 
Furthermore, the presence of an end-arteri- 
ole system in the retina predisposes to 
anoxia and tissue damage once blockage oc- 
curs, 

Stasis and obstruction of small vessels are 
the common pathologic denominators of 
sickle-cell disease in many 
They are reflected in the ocular findings of 
tortuosity, segmentation, multiple obstruc- 
tions, obliteration, and sheathing of retinal 
arterioles and venules. The presence of 
varicose and saccular aneurysms noted in 
the present study may also be linked to 
vascular stasis; they have been observed 
both ophthalmoscopically and_ histologically 
in central retinal vein occlusion and follow- 
ing experimental blockage of the central 
retinal vein in cats.*° 

Ditzel and White *' have recently sum- 
marized the evidence which suggests that 
the major etiologic factor in the production 
of diabetic retinopathy is venous stasis. 
They have pointed out certain basic similari- 
ties between the retinopathy in diabetes and 
central venous occlusion, such as micro- 
aneurysm formation, retinitis proliferans, 
vitreous hemorrhage, venous abnormalities 
in conjunctiva and retina, and the develop- 
ment of vascular networks along the retinal 
surface and projecting into the vitreous, 
It is significant that similar changes are also 
dominant in the fundus picture of sickle-cell 
disease, where venous stasis is probably an 
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important etiologic factor. This is also con- 
sistent with the observations of Wise ** 
that microaneurysms and retinal vascular 
networks (the latter representing neovascu- 
larization or a dilation of preexisting vas- 
cular channels) are frequent findings in a 
wide variety of retinopathies where venous 
and capillary blockage occur.* However, in 
the present investigation it was frequently 
observed that vascular networks and micro- 
aneurysms developed distal to obstructed 
arterioles, as well as venules. Similar find- 
ings were described by Ashton * in studies 
of arteriolar involvement in diabetic reti- 
nopathy. Such observations suggest that 
there is still much to be learned about the 
interplay of arterial and venous pathology in 
retinal vascular disorders. Postmortem in- 
jection studies of the choroidal and retinal 
vasculature in patients with sickle-cell dis- 
ease would be of value in elucidating this 
problem. 

Hemorrhage is a serious complication of 
sickle-cell retinopathy. It is presumably 
secondary to the vascular changes, since 
bleeding tendencies due to hematologic ab- 
normalities are not characteristic of sickle- 
cell disease and they have been specifically 
ruled out in the four patients of this study 
with intraocular hemorrhage. [dington and 
Sarkies **7 noted retinal hemorrhage adjacent 
to a microaneurysm, and Hannon ** proposed 
that the site of bleeding in his patients was 
terminally dilated vessels projecting into the 
vitreous. Such vascular pathology, which has 
also been noted in this study, probably de- 
velops after stasis and obstruction of some 
duration. The occurrence of hemorrhages 
in Case 5, prior to the development of aneu- 
rysms and neovascularization, may be re- 
lated to the acuteness of the vascular 
obstructions. 

3. Correlation with Genotypic Forms of 
Sickle-Cell Disease.—The correlation of 
retinal pathology with the different genotypic 

*A detailed discussion of the observations of 
George Wise“ is included in his comprehensive 
study of retinal neovascularization published in the 
Transactions of the American Ophthalmological 
Society, 1956. 
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forms of sickle-cell disease must be based 
on studies which fulfill two criteria; (1) 
ocular examination by an ophthalmologist, 
through a maximally dilated pupil, to ensure 
visualization of peripheral lesions and recog- 
nition of early changes; (2) adequate hema- 
tologic investigation, including routine 
hemoglobin electrophoresis, to identify cor- 
rectly the type of sickle-cell disease. ( Hemo- 
globin solubility and familial studies may be 
necessary in problem cases. ) 

None of the studies which report ocular 
changes in a series of patients with sickle- 
cell disease fulfill these two criteria. Henry 
and Chapman state that electrophoretic 
studies were obtained in a few of their pa- 
tients, but these are not identified. Kline- 
felter and Henderson '* completed their 
studies prior to the use of hemoglobin elec- 
trophoresis; in addition, Henderson's report 
of ocular pathology was restricted to a case 
in which retinal hemorrhage was the present- 
ing symptom, but there is no mention of 
ophthalmoscopic examination of the patients 
without ocular complaints. The series of 
normal ocular findings in sickle-cell trait, 
anemia, and some of the cases of sickle-cell 
hemoglobin C disease reported by Conley 
and Smith! and Hannon ** suggests re- 
evaluation, since study of the eye findings 
in most of these patients was based upon 
a review of hospital records, rather than 
a systematic fundus examination in each 
Further- 
more, the majority of cases in Hannon’s 
series which were classified as sickle-cell 
trait or anemia had not been confirmed elec- 
trophoretically. 

The small number of reported cases of 
sickle-cell retinopathy, as well as the inade- 
quacies in ophthalmologic and/or hemato- 
logic examination of these patients, make 
it impossible to reach any conclusion regard- 
ing the incidence of ocular change in the 
different types of sickle-cell disease. How- 
ever, certain trends have been noted which 
are worthy of mention. 


case by the same investigators. 


Retinal vascular tortuosity has been seen 
frequently in sickle-cell anemia,** but sig- 
nificant retinopathy or hemorrhage has not 
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yet been reported in an electrophoretically 
proven case. Though vascular tortuosity is 
less frequent in sickle-cell trait,** there are 
two cases in which a retinopathy was ob- 
served in electrophoretically confirmed cases. 
Clifford and Tanaka * noted vitreous hem- 
orrhage and retinal microaneurysms in a 
39-year-old Negro man with sickle-cell trait 
in whom extensive investigation revealed 
no other systemic or hematologic abnormali- 
ties. Kabakow, Van Wiemokly, and 
Lyons described bilateral central retinal 
artery occlusion in a 36-year-old Negro 
woman with sickle-cell trait, active pulmo- 
nary tuberculosis, and systemic lupus 
The latter investigators 
considered the possibility that sickled cells 
might have precipitated the arterial occlu- 
sions, but they concluded that this was 
unlikely because there had been no accounts 
of obstructive vascular disease in patients 
with sickle-cell trait except for splenic in- 
farctions,“” and here an unphysiologic hy- 
poxic  stimulus—high-altitude flying—-was 
always the precipitating factor. However, 
there have been several recent reports of 
active sickle-cell symptomatology pa- 
thology in patients with electrophoretically 
proven sickle-cell trait, including hemolytic 
episodes,“°** gross hematuria,'® and bowel 
and cerebral infarctions,” without a history 
of high altitude flying. Such findings sug- 
gest that sickle-cell trait may no longer be 


erythematosus. 


considered a clinically benign carrier state 
and may be incriminated in the development 
of hemolysis and vascular ocelusions. None- 
theless, in the patient reported by Kabakow 
et al."' the presence of several concomitant 
makes it impossible to 
reach a definite conclusion as to the role 
played by the sickle-cell trait in the devel- 
opment of the retinal arterial obstructions. 


disease processes 


Sickle-cell hemoglobin C disease has been 
found in all the previous reports of retino- 
pathy in electrophoretically studied cases 
of sickle-cell disease '-*7-4* and in four of 
five patients in the present study. Conley and 
Smith '! have described other complications 
of sickle-cell disease which were noted more 
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frequently in patients with sickle-cell hemo- 
globin C disease than with the anemia. 
These comprised aseptic necrosis of the 
femur, hemolytic crises and mortality dur- 
ing pregnancy, and gross renal hematuria. 
Since the clinical course and manifestations 
of sickle-cell anemia are usually more severe 
than in its genetic variants, the apparent 
prominence of these complications in the 
latter surprising. Confirmation 
must await the comparative study of larger 
groups of patients and the assessment of 
factors such as age, total hemoglobin con- 
centration, and percentage of sickle-cell 
hemoglobin as to their bearing on the gen- 
eral and local manifestations of the entities 
comprising sickle-cell disease. However, the 
possibility that hemoglobin C may also pre- 
dispose to vascular obstruction must be 
considered, in view of a report of multiple 
pulmonary arterial thrombi in a postmortem 
examination of a patient with homozygous 
hemoglobin C 


cases in 


disease.” The explanation 
for this unexpected finding is unknown. 

4. Ophthalmologic Significance.—The rec- 
ognition that acute obstructive vascular 
episodes and chronic obstructive vascular 
disease with secondary vitreous hemorrhage 
may develop on the bas‘s of sickle-cell dis- 
ease is of importance for the clinical oph- 
thalmologist. Such pathology occurring in 
Negroes or in Causacians of Mediterranean 
origin (i, e., Italians, Greeks, and Turks) 
should be investigated by means of the 
standard sodium metabisulfate test for 
demonstration of a sickling tendency, with 
electrophoretic studies reserved for those 
patients with positive sickling preparations. 
This is particularly important in patients 
who have been diagnosed as having Eales’ 
disease, a poorly defined clinical syndrome 
consisting of recurrent retinal and/or vit- 
reous hemorrhages in young adults. Though 
the diagnosis of sickle-cell retinopathy 
brings with it no specific therapy for the 
underlying hemoglobin disorder at the pres- 
ent time, its importance in preventing the 
host of medical treatments commonly used 
for Eales’ disease is obvious. Furthermore, 
as in Case 1, the ocular changes may be 
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the first clue to the presence of a hemato- 
logic disorder with protean symptomatology. 

It is probable that in some instances sys- 
temic or ocular disease may be factors in 
precipitating retinal vascular occlusive com- 
plications in sickle-cell patients. Systemic 
infections in patients with sickle-cell disease 
are known to precipitate generalized sickle- 
cell crises; it is reasonable to assume that 
localized infections might have — similar 
sequelae within the affected organ. Inflam- 
mation, trauma, or degenerative changes 
often induce anatomic alterations in vessels, 
vasomotor phenomena, or a tendency to 
blood sludging °'—the latter being a funda- 
mental type of biologic response to infection 
and tissue damage. Such events could 
trigger a vicious cycle of stasis, hypoxemia, 
and sickling and result in ocular pathology. 
Therefore, the presence of other diseases 
and abnormalities in patients with a sickling 
tendency suggests caution in attributing 
their ocular changes solely to the hemogtobi- 
nopathy. 

Hannon ** has suggested the use of sur- 
face diathermy for the type of sickle-cell 
retinopathy associated with vitreous hemor- 
rhage, in order to obliterate the involved 
vessels which are presumed to be the source 
of hemorrhage. The peripheral location of 
most of these lesions makes such a proce- 
dure technically feasible. The tendency of 
the vascular changes to extend to all quad- 
rants may make it necessary to diathermize 
the entire circumference of the eye, thus 
necessitating more than one operation. Such 
extensive diathermy has been done success- 
fully by Verhoeff and Franceschetti ™ 
in patients with Eales’ disease. 

Hannon chose for operation patients with 
vascular retinopathy in one eye in whom 
massive vitreous hemorrhage had reduced 
vision to light perception only in the other 
eye. The logic of this approach is reflected 
in the course of Case 3 in Hannon’s study, 
who fits into this category but refused dia- 
thermy to the better eye. As noted else- 
where in the present study, this patient 
subsequently developed a massive vitreous 
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hemorrhage in his “good” eye and now 
retains only light perception in each eye. 
However, any attempt to extend the indi- 
cation for surgery to patients with vascular 
changes in one or both eyes without evidence 
of massive hemorrhage would appear to be 
premature at the present time. The inci- 
dence of vitreous hemorrhage in patients 
with sickle-cell vascular retinopathy and the 
number of years that vascular changes may 
precede the hemorrhage are unknown, Fur- 
thermore, Cases 1 and 4 of this study have 
been examined four and seven years, re- 
spectively, after the onset of recurrent 
symptomatic vitreous hemorrhage and. still 
maintain normal vision. Until more infor- 
mation is available concerning the natural 
history of sickle-cell retinopathy, the con- 
servative course proposed by Hannon is to 
be recommended. 

As a pathologic entity sickle-cell disease 
is mainly an affection of the small blood 
vessels. Turner and Bowers™ have re- 
emphasized the fact that such vascular 
lesions may give few clinical manifestations 
unless the vessels are visible, as in retina 
and skin, or their presence results in labora- 
tory findings, as in kidney disease. The 
pertinence of their remarks to diabetes and 
hypertension, among other small vessel dis- 
eases, is well known; its application to 
sickle-cell disease is clearly demonstrated in 
this study. In the five cases of sickle-cell 
reported, kidney dysfunction of 
varying degree was found in association 
with the retinal vascular pathology, and in 
three cases abnormalities of the conjunctival 
vessels also appeared to be present. This 
serves as additional evidence that in retinop- 
athies with vascular involvement as the 
primary lesion the study of conjunctival 
vessels and kidney function can be of value 
in determining whether the pathology is 
local or part of a generalized vascular 
disease. Conversely, where kidney pathology 
is found and a primary vascular disease is 
suspect, the retina and conjunctiva may be 
studied for visible evidence of small vessel 
pathology. 


disease 


679 


hi 
| 
| 


Summary 
Ocular findings in five patients with 
sickle-cell disease are described. Hemo- 
globin electrophoresis demonstrated  sickle- 
cell hemoglobin C disease in four cases and 
suggested sickle-cell hemoglobin D disease 
in another. Fundus changes included ret- 
initis proliferans, aneurysmal vascular dila- 
tations, arborizing vascular networks, focal 
constriction, dilatation, sheathing and ob- 
struction of arterioles and venules, the 
development of chalk-white vessels owing 
to changes in intravascular contents, pre- 
retinal hemorrhages which closely simulated 
retinal tears, and vitreous and retinal hemor- 
rhages. Vascular changes were also noted 
on the optic disk and bulbar conjunctiva. 
Histologic findings in one patient with 
sickle-cell retinopathy showed retinal and 
vitreous hemorrhage, retinal gliosis blend- 
ing with a preretinal fibrous membrane, 
extensive new vessel formation, obliterated 
vessels, perivenous lymphocytic cuffing, and 
sickled cells intravascularly and in the areas 
of hemorrhage. 

Hemoglobin genealogies are cited for 
three of the patients, including a family with 
sickle-cell hemoglobin C disease in the 
mother and a normal father. The results 
support the postulate that hemoglobins S 
and C are allelic or closely linked. 

The findings in these patients are dis- 
cussed in relation to previous reports of 
sickle-cell retinopathy, the pathophysiology 
of sickle-cell disease in other organs, and 
the correlation of ocular pathology with the 
different genotypic forms of sickle-cell dis- 
ease. The following points are stressed : 

1. Sickle-cell retinopathy may be manifest 
as an acute or chronic obstructive vascular 
disease, with vitreous hemorrhage as a fre- 
quent complication, The occurrence of such 
pathology in Negroes or in Caucasians of 
Mediterranean origin warrants testing for 
a sickling tendency and performance of 
hemoglobin electrophoretic studies if sickling 
is present. All cases of Eales’ disease re- 
ported in these groups should be reinvesti- 
gated for evidence of sickle-cell disease, 
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2. The major features of sickle-cell reti- 
nopathy can be accounted for on the basis 
of vascular stasis and obstruction involving 
both arterial and venous systems. This 
is the common pathologic denominator of 
sickle-cell disease in the organs which it 
affects. 


3. The small number of reported cases 
of sickle-cell retinopathy, as well as the 
inadequacies in either the ophthalmologic 
or the hematologic examination of these 
patients, makes it impossible to reach any 
conclusion regarding the incidence of reti- 
nopathy in the different types of sickle-cell 
disease. However, it is noted that patients 
with sickle-cell hemoglobin C disease appear 
especially prone to ocular manifestations.* 
Furthermore, sickle-cell trait may also lead 
to eye complications, as well as obstructive 
vascular episodes in other organs, and 
should no longer be considered a clinically 
benign carrier state. 

4. Renal and ocular pathology are fre- 
quently associated in sickle-cell disease, as 
in other “small vessel’ diseases such as 
hypertension and diabetes. 

Dr. Harvey A. Itano (National Institute of 
Arthritis and Metabolic Diseases) gave guidance 
in the hematologic and genetic phases of this 
investigation. Miss Elizabeth Robinson performed 
the hemoglobin electrophoretic studies; Dr. Hans 
Keitel performed special kidney-function tests; 
Mr. John Parker made the fundus drawings, and 
Mr. Fred H. Meiller did the photomicrography. 


Ophthalmology Branch, National Institute of 
Neurological Diseases and Blindness (14). 


* Since completion of this paper two new cases 
sickle-cell hemoglobin C disease and retinitis 
proliferans have been brought to our attention.” 
In addition, in a recent paper by Kennedy and 
Cope™ another similar observation is described. 
They also make reference to patients with sickle- 


of 


cell trait and sickle-cell anemia who showed fundus 
lesions probably associated with the hemoglobino- 
pathy. Not included in this paper are two young 
Negro patients with sickle-cell anemia observed in 
this Institute, who showed ophthalmoscopically 
the characteristic fundus changes of angoid streaks. 
They will be described in a later report. 
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Increased Intracranial Pressure Without Papilledema 


PAUL LEVATIN, M.D., Oakland, Calif. 


A tumor exerting pressure on an optic 
nerve eventually causes optic atrophy. As 
it enlarges and finally causes elevation of 
intracranial pressure, papilledema occurs in 
the opposite eye, but not in the eye with 
the optic atrophy, for in this eye the sheath 
about the nerve is closed by the tumor at 
the optic foramen so that the cerebrospinal 
fluid pressure cannot be transmitted to the 
nerve head. The syndrome of ipsilateral optic 
atrophy and contralateral papilledema due to 
a basofrontal or subfrontal tumor is called 
Kennedy’s syndrome or, perhaps more cor- 
rectly, the Paton-Kennedy syndrome. The 
most comprehensive paper on the subject 
since the original one by Kennedy in 1911 
is that of Jefferson (1945),' who found 14 
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cases among 100 frontal lobe tumors and 
listed five variants of the syndrome, 

In this paper are described a typical case 
of the Kennedy syndrome and also a variant 
not mentioned by Jefferson, consisting of 
bilateral optic atrophy without papilledema— 
in effect, a bilateral Kennedy syndrome. 


Report of Cases 


Cask 1.—-A 43-year-old housewife was 
referred in March, 1953, because of the find- 
ing that her left eye, which two years ago 
had had 20/20 vision, was now almost blind. 
Ophthalmological examination revealed that 
the vision of the right eye was 20/30 and 
that that of the left was reduced to the per- 
ception of hand movements. The pupils were 
equal, but the left reacted to light through a 
narrow are only. There was papilledema of 
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Kennedy's syndrome, with an absolute central scotoma of 20 degrees in the left eye due to 
direct pressure of the tumor and an enlarged blind spot in the right eye due to papilledema. 


| 


2 D. in the right eye; the left dise was flat 
with temporal pallor. The peripheral visual 
fields were normal, The blind spot was three 
times larger than normal in the right eye. An 
absolute central scotoma occupied almost the 
entire central field of the left eye (Figure). 
A diagnosis of Kennedy's syndrome was 
made, and the patient was hospitalized. 

The past history at that time revealed that 
three years previously the patient had had a 
“nervous breakdown” characterized — by 
weakness, trembling, and flashes of light. For 
some months after this she was said to be 
constantly unstable and depressed; she had 
psychiatric care, and once she attempted 
suicide. Her depression gradually disap- 
peared, and she had been asymptomatic until 
the occurrence of anosmia one year pre- 
viously. lrontal headache had occurred eight 
months previously, with increased sensitivity 
to noise and disturbance of vision in the left 
eye. Three months later her headaches 
ceased, She complained now of difficulty in 
maintaining her balance, with a tendency to 
fall to the right. Recently she had noted 
some difficulty in concentrating, urinary 
urgency, and weight gain of 6 lb. in the 
previous month, Neurological examination 
revealed a slightly obese, pleasant woman 
with pathological jocosity and with inability 
to answer questions which required any deep 
thought. The right fundus showed papil- 
ledema; the left fundus, optic atrophy, There 
was bilateral anosmia. The deep tendon 
reflexes were hyperactive throughout. The 
abdominal reflexes were absent on the left, 
and there was a positive right Hoffmann 
sign, 

On pneumoencephalography the ventric- 
ular system failed to fill from below. A 
specimen of spinal fluid showed a total pro- 
tein level of 66 mg. per 100 ce. Ventriculog- 
raphy revealed a marked shift to the right 
of the ventricular system. The skull films 
showed no increased bone density such as 
occurs characteristically in meningiomas of 
the sphenoid ridge or olfactory groove. The 
diagnosis was made of tumor of the left 
frontal area, probably meningioma of the 
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olfactory groove, and a craniotomy was done 
by Dr. Nathan C. Norcross. 

At operation there was found a large left 
parasagittal meningothelial meningioma, 
weighing 97 gm. It arose from the anterior 
part of the sagittal sinus, pushing the frontal 
lobe backward and growing along its inferior 
surface. It had displaced the falx cerebri 
considerably to the right, compressing both 
olfactory bulbs and the sheath of the left 
optic nerve. As a result of large vessels 
growing into the tumor bleeding was pro- 
fuse, and it was necessary to amputate the 
frontal lobe in part, but the tumor was re- 
moved in toto. Recovery was rapid. She was 
last reexamined in September, 1956, three 
and one-half years after operation. Her 
husband stated that her memory was almost 
perfect and that she was able to carry on the 
full activities of a housewife. There was a 
residual slight right hemiparesis, and the 
vision of the left eye remained reduced to 
finger counting. The right fundus was nor- 
mal. The left disc was very pale, with no 
capillaries on its surface. There was no 
sheathing of the vessels; the arteries were 
not narrowed, and the edges of the disc were 
distinct. The visual fields were unchanged 
except that the blind spot in the right eye 
was only minimally enlarged. The central 
scotoma in the left eye persisted. 

Comment.—This is a clear-cut example of 
Kennedy's syndrome produced by a large 
meningioma, 

Case 2.—-A 12-year-old boy, previously 
in good health, was admitted to the Kaiser 
Foundation Hospital, Oakland, in March, 
1954, complaining of headaches and vomit- 
ing of three weeks’ duration. The headaches 
were at first frontal, later severe and general- 
ized, and some of the episodes of vomiting 
were without prior nausea (projectile vomit- 
ing). There was a history of a blow to the 
forehead at the age of 4, and the left eye had 
deviated outward with amblyopia for several 
years. Examination revealed a muscular in- 
telligent boy; the only abnormal findings 
were left exotropia, pale optic discs, 
absent right knee jerk. 
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Lumbar puncture on admission showed 
clear colorless fluid under 430 mm. pressure 
with 110 erythrocytes per cubic millimeter 
(25% crenated) and a 1+ Pandy test. The 
total protein was 93.0 mg. per 100 cc.; the 
quantitative _Kolmer test was negative, and 
the Lange colloidal gold curve was 
445332100. Skull x-rays showed no abnor- 
mality, and x-rays of the wrists and knees 
showed no lead lines. The blood cell count, 
urine studies, and Kahn and heterophile ag- 
glutination tests were negative. The neurol- 
ogist suspected a subarachnoid hemorrhage 
from a leaky aneurysm or a parasellar tumor. 
The neurosurgeon recommended ventric- 
ulography to rule out an intracranial mass. 

Ophthalmological consultation revealed 
that the right pupil measured 5.0 mm. and 
the left pupil, 5.5 mm. They reacted well to 
light. The optic discs were flat and 
moderately pale, with clear edges. There 
were three capillaries on the right dise and 
four on the left disc. The retinal vessels 
were normal. There was a left exotropia 
of 60A for distance and 30A for near. A 
manifest refraction showed R. E., — 1.00—- 
1.00 180 degrees =20/30+ ; L. E., +1.00 
~—2.25 10 degrees = 20/400. By confronta- 
tion test, the visual fields were full. With a 
3/330 white test object, the peripheral field 
of the left eye was normal and that of the 
right eye showed a slight temporal contrac- 
tion, of approximately 10 degrees. Central 
fields with a 1/330 white test object on the 
Ferree-Rand perimeter showed the right 
blind spot to be enlarged 4 times and the left 
blind spot, approximately 10 times. Diag- 
noses made were (1) optic atrophy, partial, 
primary, bilateral; (2) left exotropia with 
amblyopia ex anopsia, left eye. 

Because of the absence of papilledema in 
spite of the high spinal fluid pressure, the 
lumbar puncture was repeated five days 
later. Again the initial pressure was 430 
mm., with 250 erythrocytes per cubic milli- 
meter (mostly crenated cells) and a total 
protein value of 126 mg. per 100 cc., with a 
colloidal gold curve of 445433210. 


Two weeks later, ventriculography was 
performed. The cerebrospinal fluid was un- 
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der markedly increased pressure and 
squirted from the burr hole about 6 or 8 in. 
when a lateral ventricle was tapped. The 
ventriculograms showed a symmetrical dila- 
tation of both lateral ventricles. The third 
and fourth ventricles were not visualized. 
That afternoon a right transfrontal craniot- 
omy was carried out by Dr. Nathan C. 
Norcross, and the frontal lobe was elevated 
to expose the region of the chiasm, The 
right optic nerve was found to be almost 
completely surrounded by neoplastic tissue, 
from which it could not be separated, The 
main mass of the tumor, which was soft and 
contained many hemorrhages, presented 
medial to the right optic nerve. The left 
optic nerve was so surrounded by the tumor 
that it was never visualized. A transcortical 
incision was made to expose the anterior 
horn of the right lateral ventricle. Protrud- 
ing through the foramen of Monro from the 
third ventricle into the right lateral ventricle 
was a cystic portion of the tumor. Further 
exploration of the third ventricle revealed 
that the tumor continued as a rather soft 
mass into the substance of the hypothalamus 
and into the anterior part of the lateral wall 
of the third ventricle. Biopsy specimens 
were taken. The tumor was considered in- 
operable. The patient died four days after 
surgery. Permission for postmortem exam- 
ination was not obtained. 

The microscopic description of the tissue 
specimens was given by Dr. Melvin Fried- 
man. “The fragments of tumor from the 
region between the optic nerves have essen- 
tially the same pattern as those from the 
region of the thalamus, although the former 
have the greater number of small cysts. It 
is composed predominantly of astrocytes and 
unipolar and bipolar spongioblasts with 
relatively few other glial cells. Numerous 
small sized cystic spaces are formed by the 
tumor, and some of these contain blood, but 
they are not of vascular origin as demon- 
strated by reticulum and collagen stains. 
Although the relatively large number of 
spongioblasts would suggest the possibility 
of a spongioblastoma polare, the cystic pat- 
tern and the lack of fasciculation and the 
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absence of giant cells all point toward 
astrocytoma.” 


Comment.—It is impossible to say wheth- 
er this glioma arose from the optic nerves 
or from the brain tissue surrounding the 
third ventricle above the chiasm. Primary 
gliomas of the chiasm occur most frequently 
at 12 to 14 years, and the histology of the 
biopsy specimens is consistent with the 
diagnosis of a primary glioma of the optic 
nerve. The marked amblyopia in the left 
eye was due to the more extensive involve- 
ment of the left optic nerve by tumor tissue, 
and the left exotropia was no doubt second- 
ary to the amblyopia. The patient had on 
both sides what Foster Kennedy had 
described for one side. He had a tumor 
which, enveloping both optic nerves, had 
caused bilateral optic atrophy and had 
mechanically acted as a deterrant to the 
formation of papilledema in either eye. 


General Comment 


Foster Kennedy,? in his original paper 
(Case 6), described a patient who suddenly 
lost almost all the vision of both eyes as the 
result of an enormous glioma of the left 
frontal lobe which compressed both optic 
nerves. “In this last case, the tumor, by 
pressing on the optic nerves and olfactory 
bulbs of both sides produced bilaterally a 
symptom complex seen in the other cases 
on one side only.” However, this case was 
listed by Kennedy among the three which 
had bilateral papilledema first, followed later 
by bilateral retrobulbar neuritis. Cushing 
and Walker * (1915) similarly explained the 
absence of papilledema in pituitary tumors 
with increased intracranial pressure, stating, 
“This we have attributed to the fact that 
the sheath of Schwalbe is so blocked as to 
prevent the crowding down of cerebrospinal 
fluid around the nerve—in other words, to 
an interference with the physical conditions 
under which a choked dise is produced.” 
Chamlin, Davidoff, and Feiring,* (1955) in 
a series of 138 cases of pituitary tumor, 
found only 1 in which papilledema occurred 


as an early sign “and this was an unusual 
y 
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case in many respects.” The authors did 
not record the frequency with which papil- 
ledema occurred in the late stages of the 
disease, when presumably increased intra- 
cranial pressure was present, but noted that 
in their three cases of carcinoma of the 
pituitary gland papilledema was not seen 
even at a very advanced stage of the disease. 

It would seem that a glioma arising from 
the optic nerves at or near the chiasm would 
occlude the sheaths of the nerves at the 
optic canals before it could produce in- 
creased intracranial pressure by extension 
to the third ventricle. One of the diagnostic 
x-ray signs of an optic nerve glioma is an 
enlarged optic foramen. It is hard to imag- 
ine that a tumor which caused enough 
pressure to absorb the bony wall of the 
optic canal would not at the same time 
occlude the optic nerve sheath within the 
canal. If this view is correct, papilledema 
should rarely, if ever, be found in primary 
tumors of the chiasm. 

Discussing chiasmal gliomas, Duke-llder 
states, “Papilledema is a rare phenomenon 
and only occurs exceptionally unless the tu- 
mor has reached a size such as will cause a 
rise in intracranial pressure (Dandy 1922, 
Aitchison 1936).” However, Aitchison’s ® 
case of glioma of the chiasm was a patient 
with unilateral papilledema and no increased 
intracranial pressure. Dandy’s? two cases 
were dural endotheliomas involving the optic 
nerves, with bilateral primary optic atrophy 
but no increased intracranial pressure. Mar- 
tin and Cushing (1923) * among their seven 
cases of chiasmal glioma had only one with 
increased intracranial pressure demonstrable 
at operation. This 8-year-old boy showed 
“a bilateral primary optic nerve atrophy 
with a low grade of what was taken to be a 
superimposed papilledema on the right.” 
Taveras et al.* (1956) reported 34 cases of 
gliomas of the optic nerve and chiasm. 
Papilledema was present in three of these, 
but it must be noted that these three were 
among the nine unverified cases in the 
group. Papilledema was present in none 
of the 25 cases verified by operation. Evi- 
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dently papilledema is rare in verified cases 
of chiasmal glioma. 

Among their cases, Martin and Cushing 
had one (Case 5) with bilateral papilledema 
without increased intracranial pressure. At 
autopsy the elevation of the discs was shown 
to be due to gliomatous invasion of the op- 
tic nerve heads and entire optic nerves 
within the orbits. As a clue in making the 
difficult diagnosis of chiasmal glioma they 
stated, “Suspicion should be aroused when 
there is an obvious swelling of an atrophic 
nerve head without evidence of increased 
intracranial pressure.” We should like to 
stress the opposite; namely, that suspicion 
of a glioma involving the chiasm should be 
aroused when there is an obvious increase 
of intracranial pressure but no papilledema, 
especially if primary optic atrophy exists. 
Thus, at a recent clinicopathological con- 
ference at the Massachusetts General Hos- 
pital (1956) ' there was presented a patient 
who had normal fundi although repeated 
taps had shown a high spinal fluid pressure 
(520 mm.). Autopsy revealed a glioblas- 
toma multiforme occupying the right cavern- 
ous sinus and the pituitary fossa. The tuber 
cinereum, the dorsum sellae, the chiasm, 
and the right optic nerve were lost in the 
tumor mass. The absence of papilledema 
was explained on the basis that papilledema 
could not develop within the short time 
(four days) of the patient’s hospital stay. 
The length of time for papilledema to be- 
come discernible in a patient with such an 
elevated intracranial pressure is not known, 
but it would appear to have been impossible 
on the basis of these autopsy findings for 
papilledema to have ever developed in this 
patient. 

Summary 


If direct pressure of an expanding lesion 


on an optic nerve can mechanically prevent 
papilledema in that eye by occluding the 
subarachnoid space about the nerve (as in 
the Kennedy syndrome), then direct pres- 
sure on both optic nerves could reasonably 
be expected to prevent papilledema in both 
eyes. An instance of each of these phenom- 
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ena is described. In one a large parasagittal 
meningioma produced ipsilateral optic atro- 
phy and contralateral papilledema. In the 
other a glioma surrounding the chiasm and 
strangling both optic nerves produced bi- 
lateral primary optic atrophy with no papil- 
ledema in spite of increased intracranial 
pressure. 


Conclusions 


Increased intracranial pressure without 
papilledema in a patient with bilateral optic 
atrophy may be due to bilateral occlusion 
of the optic nerve sheaths. Such a syndrome 
may be caused by an expanding chiasmal 
lesion which extends along the optic nerves 
and occludes the optic canals, subsequently 
invading the third ventricle above it. This 
offers an explanation for the rarity of 
papilledema in verified cases of primary 
glioma of the optic nerves involving the 
chiasm. Thus, the finding of papilledema 
should help to exclude the diagnosis of 
glioma of the chiasm, just as it helps to 
exclude the diagnosis of pituitary adenoma. 

Kaiser Foundation Hospitals, Permanente Medi- 
cal Center, 280 W. MacArthur Blvd. (11). 
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The Histology of the Glioma of the Optic 


A Study with Silver Carbonate 


LEOPOLD LISS, M.D., and J, REIMER WOLTER, M.D., Ann Arbor, Mich. 


Primary tumors of the optic nerve are 
common, and more than 400 cases have been 
previously reported, but the histopathologic 
nature of these neoplasms is still in doubt. 

The first to recognize the glial nature of 
the tumors of the optic nerve was Hudson,’ 
who, in 1912, evaluated 182 cases, of which 
118 were classified as “gliomatosis,” and 
described four types of cells: (1) bipolar 
cells with oval nuclei and straight or spiral 
processes; (2) cells with thick, spiral proc- 
esses; (3) stellate cells with branched proc- 
and (4) cells with round or oval 
nuclei and a variable amount of coarsely 
granular cytoplasm of circular or angular 
outline, 


esses, 


Verhoeff,? in 1921, classified tumors of 
the optic nerve as gliomas. He stated that 
this type of glioma is the only tumor arising 
primarily intraneurally (in contrast to meso- 
dermal tumors arising in the dural sheaths). 
He various cellular forms 
composing such tumors, but he found spin- 
dle cells to be the most frequent type. 

In 1943 del Rio Hortega* published his 
remarkable of the tumors of the 
optic nerve and distinguished several types 
of gliomas: (1) neoplasm formed by long 
cells (glioma longicellulare), (2) oligoden- 
droglioma of the optic nerve, and (3) astro- 
blastoma. He stated that the histogenetic 
origin and the nature of these neoplasms 
are frequently in doubt. 


also described 


studies 
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For the present investigation an optic 
glioma with typical clinical features was 
used, Numerous variants of the silver car- 
bonate technique (Scharenberg and Zeman,* 
Scharenberg,® Liss*) have been employed 
to analyze the histological structure of this 
glioma. 


Clinical Course 


A 4!-year-old girl was admitted to the 
University Hospital with a two-month his- 
tory of proptosis and decreasing vision in 
the left eye. An osteoplastic craniotomy was 
performed, and a tumor of the left optic 
nerve was removed. Two years after the 
operation there were no clinical signs of 
recurrence, 


Pathological Examination 


The spindle-shaped tumor measured 
2.5% 21.5 em. and was covered by intact 
dura. On longitudinal section could be rec- 
ognized (1) optic nerve, which was in- 
filtrated by tumor and gray, with small 
hemorrhages and (2) extraneural tumor 
tissue, which had infiltrated the meninges 
and was white (lig. 1). 


Fig. 1.—Gross view of the tumor. The intra- 
and extraneural parts of the tumor can be grossly 
differentiated, 
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Figs. 2 and 3,—Elongated and spindle-shaped 
elements (Schwann cells). Photomicrograph. 


Zeiss Neofluar 40. 


Figs. 6, 7, and 8.—Various forms of oligoden- 
droglia. Photomicrograph. Zeiss Neofluar 40 x. 
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Figs. 4 and 5,—Transitional elements between 
(Robertson) and Type 1V (Schwann) 
cells. Photomicrograph. Zeiss Neofluar 40 x. 


The cellular elements in the intra- and 
extraneural part of the neoplasm revealed a 
great variety of forms. Very numerous were 
cells with an oval body and nucleus, sparse 
cytoplasm, and two or more very long well- 
developed processes of different caliber and 
shape, spiral or straight (Fig. 2). Cells of 
another variety were bipolar and _ slender, 
with elongated nuclei; their processes were 
exceptionally long and wavy and were fre- 
quently only slightly thinner than the body 
of the cell (Fig. 3). There were numerous 
transitional types; some had a round nucleus 
and numerous very long processes which 
were shaped like spirals; others had_ ir- 
regularly formed bodies and powerful, thick 
processes (Figs. 4 and 5). 

There were numerous large elements with 
oval or spherical bodies and two or more 
powerful wavy processes. These elements 
resembled oligodendroblasts (lig. 6) and 
oligodendrocytes (ligs. 7 and 8). 

An entirely different type was represented 
by cells with polygonal bodies and numerous 
fine, short or long, radiating processes. Cells 
of this variety were present either in clus- 
ters (lig. 9) or singly (Fig. 10), and their 
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GLIOMA OF OPTIC NERVE 


Figs. 9, 10, and 11.—Astrocytic elements. In 
cluster (Fig. 9); single cell (Fig. 10); cell with 
processes attached to blood vessel (Fig. 11). 


processes occasionally connected with vessels 
(Fig. 11). These elements represent transi- 
tions between astroblasts and oligodendro- 
blasts. 

The invaded optic nerve still contained 
numerous nerve fibers (in bundles or sin- 
gly), which showed signs of degeneration 
such as swellings, Cajal’s bulbs, and ad- 
vanced disintegration (Figs. 12 and 13). 


The leptomeninges were greatly thick- 
ened; their connective tissue structures were 
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Figs. 12 and 13.—Optic nerve fibers from the 
tumor with swellings and Cajal’s bulbs. Photomi- 
crograph. Zeiss Neofluar 40 x. 


proliferated and formed a dense interwoven 
network which was invaded by countless 
neoplasmatic cells (lig. 14). These cells 
were histologically identical with those in 
the optic nerve, but the pattern of the tumor 
differed from that of the intraneural neo- 
plasm and was determined by that of the 
proliferated connective tissue (lig. 15). 
The difference in pattern of the extra- and 
intraneural parts of the tumor is shown in 
Figure 15, which represents the borderline 
between both varieties. The upper part of 
the photomicrograph (infiltrated meninges ) 
shows the tumor cells which fill the meshes 


Fig. 14.—Connective 
tissue pattern in the ex- 
traneural part of the 
tumor. Photomicrograph. 
Zeiss Neofluar 6.3 


Fig. 15.—Borderline be- 
tween the intra- and ex- 
traneural part of the 
tumor (connective tissue 
impregnation). Photomi- 
crograph. Zeiss Neo- 
fluar 6.3. 


of the connective tissue. The pial sheaths 
which separated the two parts of the tumor 
are intact in the area photographed; in other 
parts they were frequently interrupted by 
masses of tumor cells. The lower part of 
Figure 15 (intraneural part of the tumor ) 
shows the parallel arrangement of the blas 
tomatous cells, Figure 16 shows the relation- 
ship between the tumor cells and the blood 
vessels; all types of the cells form an 
elaborate perivascular structure. The con- 
nective tissue sheaths, which in this part of 
the tumor have the usual arrangement of 
their determine also the 


fibers, parallel 
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course of the majority of the blastomatous 
elements (Fig. 17). 


Comment 


The cellular elements which form the 
tumor can be classified into three types. The 
first variety are the elongated, or spindle- 
formed, mostly bipolar, Schwann elements. 
The second variety is the round multipolar 
oligodendroglia. There is no sharp division 
between these two types, since there are 
many intermediate forms. To the third type 
belong the astrocytes, respectively, astro- 


Fig. 16.—Perivascular 
structures formed by tu- 
mor cells in the intra- 
neural part of the tumor. 
Photomicrograph. Zeiss 
Neofluar 16 
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Fig. 17.—Parallel ar- 
rangement of the neoplas- 
tic elements in the 
intraneural part of the 
tumor. Photomicrograph. 
Zeiss Neofluar 6.3 


blasts. The majority of authors believe that 
the “topographical relationship” (Christen- 
sen and Anderson’) of these tumors cause 
their specificity, but they are formed mostly 
by oligodendroglia, Schwannoid elements, or 
astroglia (Wilson and larmer,*® Bailey and 
Kisenhardt,® Bailey,” I'rangois and Rab- 
acy ''), although Martin and Cushing '* be- 
lieve that the tumors arising in the optic 
tract may be of various types, as is true 
for the gliomas elsewhere in the brain. 
Lundberg reported nine tumors, which 
he classified as oligodendrogliomas, which 
have both the oligodendroglia and Schwan- 
noid The 


were 


elements equally 
atypical 


represented. 


which 


forms of astroglia 


found in these tumors were interpreted by 


this author as intermediate forms between 
the astroglia and the oligodendroglia. 

With the silver carbonate method, del Rio 
Hortega * distinguished three type of glio- 
mas in the optic nerve: (1) neoplasms 
formed by long cells (glioma longicellular ), 
(2) oligodendroglioma, and (3) astroblas- 
toma. The last-mentioned is characterized 
by a perivascular arrangement of its ele- 
ments; it will not be discussed here. 

The elongated elements of the “glioma 
longicellular” are peculiar to Schwann cells 
seen in both the peripheral and central 
Schwannomas (del Rio Hortega); all of 
these cells are identical with oligoglia Type 
IV (Schwann), while elements with oval 
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or round bodies correspond to the oligoglia 
of Type | (Robertson ). 

In the tumor here described, the most 
common are cells of Schwannoid type, which 
are identical with the long cells of Hortega; 
in addition, there are numerous forms which 
mimic oligodendroglia of Type | and others 
definitely identified as blastomatous oligo- 
dendroblasts. A third variety is less well 
differentiated—they are large elements simi- 
lar to blastomatous astroblasts. We are deal- 
ing, therefore, with a complex tumor which 
contains oligodendrocytes of various types. 
The presence of astroblast-like cells repre- 
sents no contradiction, since astrocytes and 
astroblasts occur in a high percentage of 
oligogliomas. 

This case of optic glioma shows charac- 
teristic invasion of the subdural space ( Ver- 
hoeff). The pattern of the tumor cells is 
not influenced by the lack of nerve fibers, 
which the Schwein cells normally support 
(Lundberg), but follows closely the frame- 
work of the well-developed connective 
tissue, In the intraneural part this pattern 
arises from the parallel blood vessels, and 
in the extraneural part, from the irregular 
meshes of the pia-arachnoid, In the classi- 
fication of this tumor, only the oligodendro- 
glia and the Schwann elements can be 
considered important. The astroglial and 
astroblastic elements are represented in small 
numbers, in the same way as in the oligo- 
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dendrogliomas of the hemispheres, where 
they also appear as transitional forms be- 
tween the astro- and oligodendroglia ( Schar- 
enberg). Of the two described types of cells, 
neither can be described as predominant. 
The tumor should therefore be classified as 
oligodendroglioma, since the two types 
represent only different degrees of matura- 
tion, adaptation to different requirements. 
As shown by Scharenberg, the blastomatous 
oligodendroglia is capable of reproducing 
the normal activities of oligodendroglia, such 
as Satellitosis around ganglion cells and 
spirocyte formations around the neurites, 
or it may even appear to be like the 
Schwann elements. In the optic nerve, which 
is composed of nerve fibers but not of 
ganglion cells, the oligodendroglioma pro- 
duces vast amounts of Schwann elements in 
different stages of maturation. 


Summary 


An optic nerve oligodendroglioma from 
a 4'.-year-old girl was studied with variants 
of the silver carbonate technique. Various 
types of blastomatous oligodendroglial ele- 
ments which formed the tumor are described. 


Neuropsychiatric Institute, University of Michi- 
gan Hospital. 
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Fungus Keratitis (Aspergillus Fumigatus) 


Treatment with Nystatin (M ycostatin) 


ANITA B. MANGIARACINE, A.8., and SUMNER D. LIEBMAN, M.D., Boston 


Our purpose in this communication is to 
report the first case of Aspergillus keratitis 
treated with nystatin (Mycostatin). It is 
also our purpose to emphasize the import- 
ance of making an etiologic diagnosis be- 
fore instituting treatment in severe corneal 
infection. 


Ley and Sanders! recently reported three 
cases of severe hypopyon keratitis in all of 
which unidentified fungi were demonstrated 
on pathologic examination. The authors 
point out that since the introduction of anti- 
biotics and corticosteroids the incidence of 
reported cases of fungus keratitis has been 
rising rapidly. They also stress the im- 
portance of suspecting fungus infection in 
cases of hypopyon keratitis and of carrying 
out adequate etiologic investigation. In a 
study of experimental fungus infection of 
the cornea, Ley? showed that oxytetracy- 
cline potentiated Candida albicans infection 
of the immature rabbit cornea. 
showed that there was an 80% average 
incidence of experimental fungus keratitis 
in cortisone-treated eyes as contrasted with 
a 20% average incidence in the controls. 
The cortisone 
junctivally. 

Mitsui reported four 
cases of mycotic corneal ulcers, all of which 
followed topical cortisone therapy. 


He also 


was administered subcon- 


and Hanabusa * 


In two 
of their cases Aspergillus fumigatus was 
identified. Cauterization, applications, of 
methylrosaniline chloride (gentian violet), 
sodium propionate, and trichomycin oint- 
ment seemed to have little beneficial effect, 
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although the ulcers eventually healed and 
the inflammation slowly subsided after 
several weeks, leaving dense leukomas. 
Tanaka* claimed that the incidence of 
Candida in the conjunctiva was not in- 
creased by antibiotic treatment. She stated 
that, in vitro, tetracycline actually inhibits 
growth of Candida. Her results are in con- 
trast to those of Ley,’ Seligman, and Dukes 
and Tettenbaum,’’ all of whom found that 
chlortetracycline, oxytetracycline, and tetra- 
cycline (broad-spectrum antibiotics) mark- 
edly potentiated experimental Candida 
infections. Penicillin, streptomycin, chloram- 
phenicol, bacitracin, and sulfacetamide, how- 
ever, did not show this potentiating effect. 
Up to the present time, there have been 
no specific fungicidal agents available, al- 
though iodides have been used empirically 
to combat fungus infections. Schardt* cul- 
tured Nocardia organisms from a corneal 
ulcer and successfully treated the patient 
with tetracycline. Hervouet and Lenoir ® re- 
cently described two cases of aspergillosis 
corneae, The first was diagnosed by smears 
and scrapings and was treated with strong 
iodine ( Lugol's) U.S. intra- 
venously and local application of tincture of 
iodine, The ulcer perforated, and the patient 
developed peripheral anterior synechiae, 
secondary glaucoma, and cataract. The 
second case was discovered during micro- 
scopic examination of a corneal button ex- 
cised for transplantation. In this case, the 
organism could not be positively identified 
as an Aspergillus. The authors state that 
patients with A. fumigatus infections are al- 
ways debilitated and usually have been 
working with agricultural products. They 
noted the frequent presence of a pseudo- 


solution 
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membrane. Belicard? was the first to use 
nystatin in fungus keratitis. The organism 
in his case, however, was Streptomyces 
berardinisi. The diseases responded favor- 
ably to systemic administration of the drug. 

Nystatin is an antifungal antibiotic de- 
rived from cultures of Streptomyces noursei 
and has been primarily used to combat 
moniliasis. The oral medication has been 
used for intestinal C. albicans infection, and 
the ointment, for the dermatomycoses, 
perléche, paronychia, and similar conditions. 
In vitro studies *® suggest that this type of 
antifungal agent inhibits or kills all species 
of fungi except Actinomycetes. It is claimed 
by Sternberg et al.® to be relatively nontoxic 
and to have produced no cases of sensitivity 
thus far. 


Report of a Case 


History..-A_ 37-year-old white male la- 
admitted to the Massachusetts 
xye and Ear Infirmary on June 29, 1956, 
complaining of pain, photophobia, and blur- 
ring of vision in the left eye of 10 days’ 
duration, He stated that while he was baling 
hay some of it had blown into his left eye. 
The ensuing redness and irritation was 


borer was 


treated with some unidentified drops by a 
local first-aid man. Two or three days after 
the initial injury, a wad of grass discharged 
by a power lawnmover is said to have struck 
the left eye, aggravating the initial injury. 
About four days prior to admission he was 
seen by a physician, who prescribed some 


Fig. 1.—Patient’s eye on admission. 
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Fig. 2.—Colonies of the fungus as grown directly 
on blood agar from the corneal lesion. 


eye drops. Three days later the vision be- 
came much more blurred and the redness 
and pain were extreme. He was then re- 
ferred to the Massachusetts Eye and Ear 
Infirmary. 


On admission, the right eye was normal 
and its visual acuity was 20/30. The left 
eye showed edema of the upper lid, severe 
ciliary injection, a large grayish-white cen- 
tral corneal ulcer measuring about 5 mm. 
in diameter, and a 3 mm. hypopyon. No red 


reflex nor any fundus details could be seen 
with the ophthalmoscope. The pupil was 
small and reactive. Visual acuity in the left 
eye was reduced to counting fingers at 1 ft. 
There was a pterygium extending 2.5 mm. 
onto the cornea from the nasal side. Very 
little discharge was noted in the conjunctival 
sac, and no pseudomembrane was seen. The 
photograph in Figure 1 was taken on ad- 
mission. Scrapings of the ulcer were stained 
with Gram’s stain, methylene blue, and 
Giemsa stain and immediately examined. 
These all showed the presence of many 
neutrophils, spores, and mycelia but no bac- 
terial forms. Bacterial and fungus cultures 
were taken and planted in duplicate on blood 
agar, Sabouraud’s agar, and meat infusion 
broth. One set was left at room temperature, 
and the other set was incubated. After a 
few days the presence of fungi was noted 
on all media. The species was later identi- 
fied as A. fumigatus by hanging-drop cul- 
tures. Figure 2 shows a photograph of the 
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FUNGUS KERATITIS 


Fig. 3.—Direct smear of the corneal lesion showing the fungus 


initial growth as cultured directly from the 
ulcer, and Figure 3 shows a photomicro- 
graph of the direct smear. 

Because it was thought that antibacterial 
antibiotics might encourage the growth of 
the fungus (demonstrated in the original 
scrapings ), these medications were not used, 
Instead, oral nystatin therapy was instituted, 
and 500,000 units were administered every 
eight hours. A suspension of nystatin + was 
instilled into the conjunctival sac every two 
hours, beginning on the second hospital day. 
In addition, the patient was treated locally 
with atropine sulfate 4% solution, zine sul- 
fate 0.5% solution, frequent warm saline 
irrigations, and hot compresses. On the first, 
second, third, fifth, and seventh hospital 
days, the ulcer was “pasteurized” with a 
strabismus hook heated to a cherry-red color 
and held 1 to 2 mm. above the ulcer. Slight 
desiccation of the surface of the ulcer was 
observed during these treatments. On the 
third and fifth hospital days methylrosana- 


+ This suspension was prepared by Dr. John 
Murphy, Chief Pharmacist, Massachusetts Eye and 
Ear Infirmary, as follows. The pure lyophilized 
sterile nystatin powder (500,000 units) was ground 
up and suspended in 10.00 cc. of the following 
vehicle: NaCl 12 gm. chlorobutanol 0.5 gm, 
H.O gq. s. to 100.00 ce. 


Mangiaracine—Liebman 


line chloride 1% was applied to the ulcer, 
During the course of the first week a creamy 
white infiltration appeared along the upper 
border of the ulcer. On the fifth hospital 
day saturated solution of potassium iodide 
was administered orally three times a day 
after meals. This was discontinued on the 
21st hospital day, when the patient com- 
plained of nausea. After one week of this 
regimen the hypopyon gradually subsided, 
although the eye continued to be inflamed 
and painful. Meperidine (Demerol) and 
salicylates were barely adequate to control 
the pain. On the sixth hospital day smears 
and cultures of the corneal scrapings were 
negative for fungi and bacteria.{ Neverthe- 
less, the 
inflamed 


eye continued to be 


painful. 


very 
the 
discontinued — two 
thought that 
they might possibly be irritating to the 
eye, I lowever, the 
further improve- 
ment, igure 4 is a photograph showing the 
eye on the 12th hospital day. The hypopyon 


and Therefore, 


nystatin drops were 


days later, since it was 


during 


next four 


days, there was no 


t Repeated bacteriologic studies on the 9th and 
18th hospital days were also negative. Complete 
blood cell count, blood smear, urine, and chest 
x-rays were within normal limits 
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Fig. 4.—Patient’s eye on the 12th hospital day. 


had disappeared, but the eye was still con- 
siderably inflamed. Therefore, on the 14th 
hospital day, the patient was given typhoid 
vaccine by constant intravenous drip over a 
period of four hours. The febrile response 
reached a peak at 104.4 PF and was main- 
tained above 103 F for three hours. Slight 
improvement occurred during the next few 
days. On the 20th hospital day the patient 
complained of severe pain and the hypopyon 
reappeared. Resumption of orally adminis- 
tered nystatin was followed by strikingly 
rapid subsidence of redness and pain and 
by prompt regression of the hypopyon. 
Stromal edema in the region of the ulcer 
began to disappear, and, on the 32d hospital 
day, nystatin was again discontinued, The 
patient was discharged on the 35th hospital 
day with a central corneal scar in the eye, 
which was still slightly inflamed. His 
visual acuity was 20/200 with dilated pupil. 
On Aug. 10, 1956, one week after discharge, 
the left eye was almost white and quiet. 
There was a corneal scar. With a normal 
pupil, visual acuity was 10/200. 


Comment 


It is difficult to say to which measure 
the infection yielded; it could well have 
responded to a combination of therapeutic 
measures. However, the fact that the hy- 
popyon recurred when the nystatin was 
stopped and rapidly subsided when the 
nystatin was readministered suggests that 
the drug played an important part in 
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eliminating the fungus infection. This im- 
pression is reinforced by the rapid steriliza- 
tion of the ulcer as demonstrated by 
repeated smears and cultures of the corneal 
scrapings. Obviously, more experience with 
this type of antifungal agent is needed be- 
fore firm conclusions can be drawn. 


Summary 


Successful treatment of a case of hy- 
popyon keratitis caused by Aspergillus 
fumigatus is reported, Nystatin, (Mycosta- 
tin), a specific antifungal agent, was used 
both locally and systemically and is believed 
to have exerted a beneficial effect. Immediate 
etiologic diagnosis averted the use of anti- 
biotics known to aggravate fungus keratitis. 
This case emphasizes the established princi- 
ple that corneal ulcers, especially those re- 
sulting from agricultural injuries, should 
have scrapings and cultures taken before 
treatment with antibiotics or corticosteroids. 


Dr. Henry F. Allen made suggestions in the 
preparation of this report. 


243 Charles St. (14). 
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Retinoblastoma 


Report of a Case 


SPRINZA WEIZENBLATT, M.D., Asheville, N. C. 


The diagnosis of retinoblastoma is ordi- 
narily not difficult; the symptoms vary with 
the stage at which the disease is detected. 
Its early stages have only been observed in 
the less-involved eye of bilateral cases, con- 
sisting of a whitish gray prominent focus, 
single or multiple in the posterior part of 
the retina. According to the larger statis- 
tics reported in the literature, the peak of 
incidence of this tumor is in children be- 
tween 2 and 3 years of age. In Winter- 
steiner’s' monograph, of 467 cases, less 
than 3% were 7 years old; in the series 
of Moorfields Hospital, Duke-Elder,? with 
163 cases, had an even smaller percentage 
of this age, and Dollfuss and Auvert,* in 
a tabulation of 889 cases, noted only 1.6% 
for this age group. 

As long as the disease is confined to the 
posterior segment of the eyeball the differ- 
ential diagnosis is concerned with metastatic 
retinitis, Coats’ disease, traumatic retinal 
detachment, retrolental fibroplasia, and some 
congenital malformations. At a later stage, 
when the tumor has involved the vitreous, 
the iris, and the anterior chamber, uveitis 
poses a differential diagnostic problem. 
Such cases have been mistaken for tuber- 
culous iridocyclitis in the past.? 

In a recent report by Manchot,* on 15 
eyes removed in children with the clinical 
diagnosis of retinoblastoma, in only 50% 
was the diagnosis proved correct on patho- 
logic examination, On the reverse side was 
the case of an 8-year-old child with the 
clinical diagnosis of tuberculous iritis whose 
blind eye was removed because of severe 
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Differential Diagnostic Difficulties 


in Atypical 


pain, in which the pathologic examination 
revealed a_ retinoblastoma with 
nodules on the iris. 


metastatic 


Report of Case 

An 8-year-old white boy was first seen 
on Sept. 19, 1953, because of an inflamma- 
tion and impaired vision in the left eye. He 
was an only child, very well-developed 
physically and mentally, His health had 
been good except for mastoiditis at the age 
of 3 years. Family history was negative for 
ocular diseases or blindness. 

His present eye trouble began in May, 
1953, about two to three weeks after a bout 
of measles. However, in retrospect, the 
parents remembered that he had complained 
of visual impairment in the left eye the 
year before. He reported to them that on 
the occasion of a visual screening at school 
in 1952 (about eight months previous to his 
manifest ocular trouble) he peeped with his 
right eye in order to see when the left 
was tested, As the eye appeared normal to 
the parents and as he denied having pain, 
this complaint was ignored, A few weeks 
before the onset of the inflammation, in 
May, 1953, the parents noted that the child 
squinted or closed the left eye when ex- 
posed to sunlight. The first ophthalmologist 
to examine the patient noted ciliary injec- 
tion of the eyeball in the lower half, vitreous 
opacities, and a gray focus in the fundus 
above the macula. The vision was reduced 
to counting fingers, The right eye was en- 
tirely normal, The diagnosis was uveitis, 
Soon afterward the patient was seen by two 
other ophthalmologists, who confirmed this 
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diagnosis. He was treated locally with 
atropine drops and with cortisone internally. 
The inflammatory symptoms receded; the 
visual impairment remained unchanged ; 
cortisone therapy was soon interrupted be- 
cause of resulting generalized edema, 

At the time of my first examination his 
main complaint was the visual impairment 
of the left eye. The right eye was entirely 
normal, vision 20/20, The left eyeball was 
of normal size and pale ; sclera, normal. The 
cornea was clear and shiny, with a few 
minute opacities on the posterior surface 
below the center, of the appearance of old 
keratic precipitates, The anterior chamber 
was clear and of medium depth. The iris 
was hazel (as in the right eye), of normal 
appearance and structure; the pupil was 
round and 6 mm. (mydriatic) in diameter ; 
ocular tension was normal digitally ; the lens 
was clear; in the vitreous balled and strand- 
like opacities were present. Fundus: The 
optic dise was peculiarly gray and prominent 
and was only recognized by the situation of 
the central retinal vessels, which were of 
normal appearance, The retina adjoining 
the dise was gray, infiltrated, thickened, and 
opaque. Below the disc there was noted a 
stippling of the retina, but no white spots 
were present. The macula had the appear- 
ance of a honeycomb degeneration. It was 
difficult to visualize clearly the fundus 
periphery, but no masses or retinal detach- 
ment were present, Visual acuity was count- 
ing fingers at 3 ft. Diagnosis: neuroretinitis 
and endophthalmitis of left eye. 

The etiologic examinations for tubercu- 
losis, syphilis, brucella, and tularemia were 
negative. The stool examination was posi- 
tive for Necator americanus (hookworm) 
and Ascaris lumbricoides. Sabin-Feldman 
dye test for Toxoplasma was positive in a 
titer of 1:1024. On treatment the intestinal 
parasites were eliminated. 

About three months later the ciliary in- 
jection of the eyeball recurred; on the pos- 
terior surface of the nasal corneal quadrant 
a few peculiar ring-shaped granular opacities 
were noted; in the anterior chamber (slit- 
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lamp examination) large whitish slow-mov- 
ing opacities were present. The left iris 
had become tremulous, and its color, gray- 
blue, differed considerably from that of the 
right one. There were no vessels on the 
iris, no nodules, and no ectropium uveae. 
The formerly round pupil had become verti- 
cally oval, but it reacted well to light and 
in convergence. No abnormal reflex from 
the pupil was noted, The appearance of the 
fundus and visual acuity remained un- 
changed. The ocular tension was normal. 
The patient attended school regularly, did 
very well, and was very active. Treatment 
consisted of atropine, hot fomentations, and 
supportive treatment. No treatment for 
toxoplasmosis was instituted, which was as- 
sumed to be the etiology of the endophthal- 
mitis. 

During the next three months the iris 
became more blue; the ocular tension was 
never over 25 mm. Hg. (Schiotz). In May, 
1954, a few lenticular opacities were noted 
in the posterior cortex of the lens and the 
visual acuity was reduced to counting fingers 
at 1 ft. 

The patient continued to attend school and 
did very well in his studies. Sometime in 
July, 1954, he developed anorexia and he 
was referred for evaluation of his general 
and ocular condition to a large medical cen- 
ter by his family physician. There all tests, 
neurologic, allergic, etc., were negative, ex- 
cept for a very high titer of the Sabin- 
Feldman dye test for Toxoplasma (1:4096). 
The ophthalmologic consultant found the 
right eye entirely normal, and he wrote in 
his report that there existed a complicated 
cataract in the left eye; the anterior chamber 
was clear, and ocular tension was normal, 
and he commented on the peculiar dirty 
gray opacities on the posterior surface 
of the cornea. A marked sensitivity to 
Staphylococcus toxin was noted at the medi- 
cal center, and this considered as the etio- 
logic factor of his ocular disease. 

He was discharged from the hospital, but 
he was readmitted shortly because his 
anorexia had worsened. During his stay 
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in the pediatric department he experienced 
a severe attack of ocular pain with vomit- 
ing. The ophthalmologic consultant found 
the anterior chamber cloudy; the lens, in- 
tumescent, and secondary glaucoma was 
present. A cataract extraction was done, 
from which he recovered well, but after two 
weeks there was only a faint fundus reflex 
obtainable. 

When I saw him again, in September, 
1954, after an absence of three months, 
the child had greatly changed; he had be- 
come nervous and apprehensive and had lost 
10 Ib., but he was still active. 

The right eye was entirely normal, and 
vision was 20/20. Left eye: 
injection was present. 


Some ciliary 
The surgical scar 
near the upper limbus was ectatic and cys- 
toid. The peculiar opacities formerly noted 
on the posterior corneal surface were ab- 
sent. A few floating opacities existed in the 
anterior chamber. The iris was blue, dull, 
in parts atrophic, in others thickened, with 
a peripheral coloboma above; no nodules 
or vessels were seen, The pupil was drawn 
upward, and on it some lens capsule was 
visible. Ocular tension was 20 mm. Hg 
(Schiotz). The vitreous was cloudy; no 
fundus reflex was obtainable, and light pro- 
jection was faulty. Enucleation was ad- 
vised, but this was refused. His general 
health continued to deteriorate ; x-ray of the 
skull was negative; no calcifications were 
present. Neurologic examination revealed 
hypoactive reflexes of limbs, no paresis, 
and no stiffness of neck; there were no 
masses in the abdomen, liver spleen were of 
normal size; laboratory tests were negative, 
and the dye test for Toxoplasma was 1:256. 
Ocular tension increased during the next 
two weeks to 37 mm. Hg. 

Enucleation was done on Sept. 25, 1954. 
The eyeball measured 24 2323 mm. ; the 
sclera was smooth, without ectatic areas or 
nodules. The optic nerve was thickened ; 
its cut surface was dirty-gray. 

Because of the possibility of a Toxo- 
plasma infection (three high titers of dye 
test) the eye was opened and fresh ma- 
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terial from the nasal calotte was inoculated 
into mice by Dr. Leon Jacobs, of the Na- 
tional Institute of Health, Bethesda, Md. 

The inspection of the interior of the enu- 
cleated eye revealed the vitreous to be 
slightly milky-bluish, particularly over the 
corona ciliaris, There was no tumor mass 
in the retina, which was everywhere at- 
tached, opaque, and gray. The optic nerve 
head was prominent and of the same color 
as the retina. 


For three days following the enucleation 
the patient’s general condition improved, 
but he relapsed again with nausea and vomit- 
ing. He left the hospital five days after 
surgery, and at the next check-up, three 
days later, the socket had healed, The right 
eye was entirely normal; vision, 20/20; 
fundus, normal. On Oct. 8, 1954, he was 
readmitted to the hospital in critical condi- 
tion; two hours previously he had suffered 
a convulsion, and his left side was para- 
lysed, There was a fast horizontal nystagmus 
of the right eye; the pupil was 5 mm. in 
diameter and fixed. On fundus examina- 
tion a hyperemia of the optic dise and of 
the retinal vessel noted; no other 
pathology existed. As the spinal tap re- 
vealed considerable pressure (450 mm.), 
the neurosurgical and pediatric consultants 
advised ventriculography. The ventriculo- 
gram revealed an obstructive internal hy- 
drocephalus in the region of the lower 
aqueduct or fourth ventricle. Suboccipital 
craniotomy was done, during which the pa- 
tient died, 


was 


Partial autopsy (brain) was obtained, 
The dura was not unusual; on its removal 
the leptomeninges were seen to be some- 
what congested and had a whitish granular 
appearance, particularly on the base, the 
posterior parts, and the cerebellum, where 
the granules were larger. 
extended to 


These changes 
of the hemis- 
pheres, but to a lesser degree. Convolutions 
and sulci were not unusual, The optic nerves 
appeared thickened and were removed as 
far into the orbital as possible. 


the surface 
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Microscopic examination of — eyeball. 
Bulbus partly collapsed (Vig. 1). The sclera 
The sub- 
conjunctival tissue was thickened in the 
region of the surgical scar; it contained 
many new-formed capillaries and some 
hemorrhages as well as cystic spaces. On 
the posterior surface of this scar, adjacent 


and conjunctiva were normal. 


to a cystic space, there was an accumula- 
tion of small round or polygonal cells of 


6p to 8p» in diameter with scanty cytoplasm 


Fig. 2, — Photomicro- 
graph of neoplastic 
growth on anterior sur- 
face and stroma of iris. 
Posterior pigment layers 
of iris partly destroyed 
by neoplasm. Metastatic 
growth around — ciliary 
processes extending into 
ciliary body. Polymorph- 
ism of tumor _ cells. 
(A. F. I. P. Accession 
No. 677283, Picture No. 
56-19960, x 50.) 
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Fig. 1.—Photograph of 
‘ eyeball, with cystoid scar 
at upper limbus. Neoplas- 
tic infiltration of entire 
; retina and optic nerve; 
(A. F. L. P. Accession 
No. 677283, Picture No. 
56-19953, 4.) 


and a relatively large oval dark-staining nu- 
cleus. The folded lens capsule, enclosing 
some lens matter, adhered to the posterior 
surface of the sear. The cornea was nor- 
mal; on its posterior surface were present 
clumps and sheets of round cells with dark- 
staining nuclei of the same appearance as 
those adherent to the These cells 
formed larger clusters near the angle of the 
anterior chamber and included pigment and 


nuclear fragments. Similar cells were noted 


scar, 
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in the canal of Schlemm and between the 


trabeculae of the angle. In the anterior 


chamber a few red blood cells and clumps 


of neoplastic cells were present. The upper 
half of the iris was atrophic; a peripheral 
coloboma was visible in it. 
surface 


On its anterior 
formed a_ turf; 
mitoses were present. In the iris stroma the 
tumor cells arranged themselves as a nar- 
row band near the iris root. The posterior 
pigmented layers of the iris were absent 
over large areas and were partly replaced 
by tumor cells, which exhibited considerable 
variations in their size and shape. There 
was no ectropium uveae present; the iris 
muscles were intact. The lower half of 
the iris was similarly affected, except that 
its atrophy was less pronounced ; there were 
no nodules on the surface. In the 
anterior part of the ciliary body below, a 
circumscript infiltration of tumor cells was 
noted; it was continuous with that which 
surrounded the ciliary processes (Vig. 2). 
The pars plana was covered by layers of 
tumor cells. The neoplastic cells around the 
ciliary processes and of the ciliary body 
were larger and more polymorphic than 
those of the anterior segment; their nuclei 
were 


neoplastic cells 


iris 


vesicular with a nucleolus; mitoses 


were more numerous. The choroid was 
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Fig. 3, — Photomicro- 
graph of diffuse neo- 
plastic infiltration of 
retina. (A. F. I. P. Ac- 
cession No. 677283, Pic- 
ture No. 56-19961, XX 
145.) 


entirely free of tumor. The entire retina 
from the optic nerve to the ora serrata 
was infiltrated in the outer nuclear layer 
with closely packed tumor cells; the other 
layers were less affected. Cuffs of tumor 
cells were noted around the vessels of the 


Fig. 4.—Photomicrograph of optic dise and 
nerve. Cuffs of tumor cells around large vessels 
in retina and nerve head, Avascular neoplastic 
growth between retina and pigment epithelium. 
(A. F. L. P. Accession No, 677283, Picture No. 
56-23058, > 20.) 


4 
703 


nerve fiber layer. A sheet of such cells 
adhered to the inner surface of the inner 
limiting membrane and between the foot- 
plates of Miiller’s fibers. Few mitoses 
were present in the tumor infiltrating the 
retina, 


There were no areas of necrosis, 


hemorrhages, or calcifications and no ro- 
settes, The structure of the retina was pre- 


Fig. 6. — Photomicro- 
graph of transverse sec- 
tion of left optic nerve 
near globe, (A. F. I. P. 
Accession No. 677283, 
Picture No. 56-19957, 
22.) 
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Fig. 5. — Photomicro- 
graph showing poly- 
morphism of neoplastic 
cells in optic disc 
optic nerve. (A. F. I. P. 
Accession No, 677283, 
Picture No, 56-23057, 
305.) 


served in its entirety, and its thickness was 
not increased greatly by the tumor (Tig. 3). 
Between the retina and the pigment epithe- 
lium a ribbon of tumor cells was present 
which extended from the region at the 
optic nerve to near the ora; it was entirely 
avascular, The cells composing this tumor 
mass were identical in appearance with those 
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infiltrating the retina. The optic disc was 
swollen and densely infiltrated with neo- 
plastic cells, varying considerably in size 
and shape (Figs. 4 and 5). The connective 
tissue and the lymph spaces around the 
central retinal were filled with 
neoplastic cells. The lamina cribrosa was 
bent backward, and the tumor infiltration 


vessels 


Fig. 8. — Photomicro- 
graph of intracranial seg- 
ment of left optic nerve. 
(A. F. I. P. Accession 
No. 677283, Picture No. 
5619959, x 22.) 
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Fig. 7. — Photomicro- 
graph of transverse sec- 
tion of intraorbital 
segment of left optic 
nerve, with slight neo- 
plastic infiltration of the 
pial and arachnoidal 
sheaths. Nerve substance 
free of tumor—so-called 
“jump.” (A. F. 
Accession No. 

Picture No. 56-19955, 


25.) 


extended undiminished beyond it, causing 
the nerve to be thicker than normal. The 


septa of the optic nerve were intact. A 
few tumor cells were visible on the dural 
In the distal portion of the optic 


sheath. 
nerve, near the point where the vessels 
enter it, the neoplastic infiltration was lim- 
ited to the part around the central vessels 


A. M. A. 


Fig. 9.—Photomicrograph of neoplastic infiltra- 
tion of leptomeninges, with polymorphism of tumor 


cells; multinuclear neoplastic cells. (A. F. I. P. 
Accession No. 677283, Picture No, 55-21186, 
525.) 


(ig. 6). At the apex of the orbit a sec- 
tion of the nerve was free of tumor, but 
atrophic; its pial and arachnoidal sheath 
contained neoplastic cells (Mig. 7). In the 
intracranial section of the nerve the pial 
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_ Fig. 10.—Photomicrograph of neoplastic infiltra- 
tion of brain substance and multinuclear giant cells. 
A. F. I. P. Accession No. 677283, Picture No. 


( 
55-21183, & 525.) 


and arachnoidal sheaths were very thickened 
because of the neoplastic infiltration, which 
extended along the septa between the fasci- 
cles of the nerve; there was partial atrophy 
of the nerve (Fig, 8). 


Fig. 11.—Photomicro- 
graph of intracranial 
segment of right optic 
nerve with predominantly 
leptomeningeal neoplastic 
infiltration and extension 
into nerve substance, 
(A. F. I. P. Accession 
No. 677283, Picture No. 
56-19956, 21.) 


Vol. 58, Nov., 1957 


| 
a 
= 


ATYPICAL RETINOBLASTOMA 


Microscopic findings in the brain. A 
diffuse infiltration of the leptomeninges was 
present, varying considerably in thickness 
in different areas. The base and the de- 
pendent regions were more involved than 
the hemispheres, The brain substance was 
infiltrated superficially with the neoplasm 
extending either directly from the lepto- 
meninges or via the vessels along the 
Virchow-Robin spaces. The involvement of 
the cerebellum and the stalk of the pituitary 
were conspicuous, The ependyma of the 
dilated ventricles was covered with tumor 
cells, Some meningeal vessels were filled 
with the neoplasm. Within the lepto- 
meninges and the brain substance the neo- 
plastic cells were generally of larger size 
and different shape, with many multinu- 
cleated giant cells among them (Figs. 9 and 
10). The infiltration of the cerebellar hemis- 
pheres, however, was composed predomi- 
nantly of the smaller cell type as noted in 
the retinal tumor. Numerous mitoses were 
present in the meningeal and cerebral in- 
filtration, The chiasm was intact. The 
neoplastic infiltration of the meninges ex- 
tended slightly into the surface. 
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Fig. 12. — Longitudinal 
section of  intraorbital 


infiltration, 
Accession No. 677283, 
Picture No. 56-19954, 
X 7.) 


Right optic nerve. The pial and arach- 
noidal sheaths of the intracranial part of 
the optic nerve were heavily infiltrated with 
neoplastic cells, which continued along the 
septa into the nerve, in which a small cen- 
tral area was spared (Vig. 11). 

The right optic nerve at the apex of the 
orbit was infiltrated by tumor; here, again, 
the central part was normal and the neo- 
plastic infiltration was densest around the 
vessels and septa. The tumor cells exhibited 
the same polymorphism as was noted in the 
meningeal and cerebral infiltration, Mitoses 
were numerous (Tig, 12), 


Comment 


Irom a review of the literature of cases 
of retinoblastoma presenting diagnostic dif- 
ficulties because of the prominence of 
iridocyclitic symptoms in the clinical pic- 
ture, it becomes evident that this case ex- 
hibited some other noteworthy features. 
Precipitate-like corneal deposits, hypopyon- 
like formation in the anterior chamber, iris 
nodules described as late metastases of the 
retinal tumor, and iris atrophy attributed 
to the glaucomatous state have been de- 
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scribed in such cases. None of these was 
present in this patient. The corneal deposits 
were large, ring-shaped, granular, and not 
situated in the dependant part. The opacities 
in the anterior chamber were not a con- 
stant finding; their presence was usually 
associated with a flare-up of the inflamma- 
tion of the eyeball. There was nothing 
unusual about them during the early part 
of the disease, but later they became re- 
markable because of their large size, whit- 
ish color, and intense light reflexion, as 
well as their slow motion, The iris change 
was mostly one of color, from hazel to blue ; 
toward the end only did it appear dull. 
The pupil was not dilated and reacted well 
to light, without an abnormal light reflex 
from it. The ocular tension was normal 
until a rapidly developing cataract caused 
secondary glaucoma, The fundus remained 
visible until the cloudy lens interfered. 
However, there was a disproportion be- 
tween its visibility and the cloudiness of the 
media, One felt as if the light directed into 
the eye was absorbed within it instead of 
reflected. The optic disc was swollen and 
of the same appearance as the surrounding 
retina, Surprisingly, vision of counting fin- 
gers was retained until the lens became cata- 
ractous. After the cataract extraction the 
corneal deposits disappeared. Sijpkens 
considers such an occurrence as indicative 
of a tumor of the posterior segment, in 
some cases undiagnosed because of cata- 
ract, glaucoma, ete. 

In cases of retinoblastoma with predomi- 
nant involvement of the anterior segment 
at the later stages, the differential diagnosis 
has hitherto been concerned with tubercu- 
losis or syphilis. In the case presented here 
concurrence of an intestinal nematode in- 
festation, a high titer of the dye test for 
toxoplasmosis, and the great sensitivity to 
Staphylococcus toxin made the diagnosis 
difficult. As nematode endophthalmitis and 
noncongenital toxoplasmosis of the eye are 
known primarily as pathologic entities, the 
unusual clinical features of the case were 
interpreted as caused by the latter. 
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The nematode infestation was a chance 
occurrence; the high titer of the dye test 
for Toxoplasma and the sensitivity to 
Staphylococcus toxin were only indicative 
of a past or latent infection of these agents. 

The microscopic findings in the enu- 
cleated eye explained many of the unusual 
clinical features. This was a retinoblastoma 
planum, a term coined by Hirschberg and 
considered by him a late stage of the initial 
circumscript form. This seemed to be in 
agreement with the observation of a single 
focus in the fundus by the first examiner. 
When it was seen by me, five months later, 
there was a diffuse infiltration of the retina 
around the posterior pole, which included 
the optic disc. Parkhill and Benedict,® in 
their study of 35 eyes with retinal tumor, 
noted that the neoplasm most frequently 


_ Started as a progressive thickening of the 


retinal layers and replacement of the nor- 
mal cells by tumor cells like “a malignant 
transformation in situ.” This is a succint 
description of the microscopic appearance 
of the retina of this case. As the external 
nuclear layer was the most heavily infil- 
trated by the neoplastic cells, it may be as- 
sumed that the retinoblastoma originated 
there. The absence of necroses, hemor- 
rhages, and degenerations was noteworthy 
and possibly due to a slow progression of 
the disease, 

There was no detachment of the retina; 
this as well as the absence of a tumor mass 
proper may explain the lack of an abnormal 
reflex from the pupil. 

The ribbon-like extension of the neo- 
plasm between the retina and the pigment 
epithelium was probably the cause of the 
diminished fundus reflex. 

The spread of the tumor into the central 
nervous system occurred through the optic 
nerve, then along the central vessels with 
their perivascular tissue to the sheaths of 
the optic nerve and the meninges. The 
“jump,” absence of neoplastic infiltration 
in the optic nerve substance beyond the 
point where the central vessels left the nerve, 
as well as the appearance of the optic 
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chiasm, lends support to the supposition that 
the tumor followed this way into the brain. 

The optic disc of the right, uninvolved, 
eye remained normal clinically, and the vi- 
sion was 20/20 when examined a few days 
before death. However, at autopsy the 
sheaths and the optic nerve itself were 
found to be infiltrated with neoplasm. 
Siegrist? observed a similar occurrence in 
one of his cases. 

Because of the age of this patient, his 
good power of observation, and the loca- 
tion of the primary focus near the macula, 
one is able to assess better than in most 
cases the duration of his disease. Com- 
plaints of visual impairment were made by 
him 8 months prior to the onset of ocular 
inflammatory symptoms; the manifest stage 
lasted 17 months; the last 3 months of his 
illness were marked by signs of metastases 
in the central nervous system. 


Summary 

A sporadic unilateral case of retinoblas- 
toma in an 8-year-old boy went undiagnosed 
because of atypical clinical manifestations 
and absence of tumor symptoms. 

An intestinal nematode infestation, a high 
titer of dye test for toxoplasmosis, and a 
great sensitivity to Staphylococcus toxin 
further clouded the true cause of the ocular 
disease. 

Some vision was retained till three months 
before death, when a complicated cataract 
developed, 

Microscopically a diffuse neoplastic infil- 
tration of the entire retina was present, 
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without necrosis, hemorrhages, or degenera- 
tion. Early extension into optic dise oc- 
curred, but no metastases in the choroid 
existed, 

Polymorphism of the tumor cells was 
noted in the ocular metastases and was more 
remarkable in those of the central nervous 
system, 

Death was due to the tumor invasion of 
the central nervous system from the optic 
nerve into the leptomeninges. 

The optic nerve of the other eye, oph- 
thalmoscopically and functionally normal, 
was found microscopically to be invaded by 
tumor, 
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Hemodynamic Observations 


The exuberant vascularity of the choroid 
and its functional significance have been the 
object of numerous investigations through- 
out the years, It is certainly remarkable 
(particularly if it is remembered that the 
discovery of the circulation by Harvey '? 
took place in 1628) to find established in 
the nineteenth century that the function of 
the choroid “is to nourish the retina through 
its arteries and veins... *—old indeed are 
the roots of some of our knowledge. 

With relatively few exceptions, most of 
the further progress of our knowledge of 
the middle ocular coat has been made 
through studies of: enucleated eyes or by 
indirect observations in vivo. The aim of 
the present investigation was to obtain fur- 
ther evidence which might assist in the 
understanding of the circulation in the 
choroid through direct observations of its 
vessels in living animals, 


General Methods of Investigation 

The techniques used in the study of the 
choroidal circulation in , living animals 
through the outer ocular coat have been 
described previously. Presently only a 
brief summary of the material and methods 
of investigation is given, 

Dehydrated Sclera.—This procedure con- 
sists in studying the choroidal circulation 
through the dehydrated sclera of the prop- 
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tosed eyes of animals. To render the 
scleral tissues transparent, the conjunctiva 
is dissected off the area to be examined. 
Sutures are inserted in the conjunctival flap 
that permit holding the eye in the desired 
position. Bright focal illumination supplied 
from below allows the choroidal vessels to 
be examined in detail after dehydration of 
the sclera develops. This method permits 
the visualization of large areas of the 
choroid but has the disadvantage of pro- 
ducing ocular hypotony, 

Scleral Window.—This technique consists 
in dissection of a conjunctival flap followed 
by a seratch-down incision in the sclera un- 
til the choroid is reached. With a spatula 
the suprachoroidal layer is liberated of fi- 
bers, and in the empty space a small trans- 
parent plastic plate is inserted. The sclera 
above the plate is then trephined, thus leav- 
ing a round window through which the 
choroidal vessels can be seen. This type of 
window permits studies under more physio- 
logical conditions but narrows the field of 
observation considerably. 

Procedure.—The work was pri- 
marily in anesthetized albino rabbits, in 
which the lack of pigment facilitates the di- 
rect observation of the choroidal vessels. 
With either of the described procedures the 
choroid was studied through a_ binocular 
stereoscopic microscope that provides mag- 
nifications ranging between 10 and 
* 150. Photographs of the material studied 
were obtained with an Exakta VX camera 
mounted in a microscopic adapter. Besides 
the usual black and white pictures it was 
possible to obtain colored plates. 

Combined with these general procedures 
special techniques were followed that will 
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be described in the corresponding sections 
of this presentation, At least three animals 
were used in each study. 


Type of Blood Flow 


Hemodynamics is the study of the manner 
in which the physical properties of the blood 
and the vessels through which it circulates 
affect the blood flow and pressure. 

A viscous, or Newtonian, fluid is one in 
which flow is proportional to the propelling 
force, In another group, called pseudoplastic 
or non-Newtonian, the flow rate is propor- 
tionately faster as the force causing it to 
flow increases. 

In the larger vessels the blood behaves 
like a viscous fluid, and the diagram of the 
relative blood velocity at different points 
within the vessel is represented by a para- 
bola. In narrow caliber the 
blood becomes pseudoplastic; the red cells 
are concentrated in the axial part of the 
stream, and the plasma flows along the walls. 
As a consequence, the red cells circulate 
faster than the plasma and the effect of the 
pseudoplasticity of the blood in narrow ves- 
sels is to modify the parabolic contour of 
the velocity distribution curve.® 


vessels of 


The motion of a fluid may be of two 
kinds, turbulent. In 
streamline motion the filaments move in def- 
inite paths, and in turbulent motion the fluid 
moves in an eddying mass. The nature of the 
two modes of fluid motion was first demon- 


viz., streamline or 


strated by Reynolds ® in a series of experi- 
ments with parallel glass tubes of various 
diameters. He also established the condi- 
tions tending to the maintenance of stream- 


line flow. 


Observations 


The motion of blood in the larger arteries 
of the choroid (long and short ciliaries) is 
ordinarily too rapid to be seen with the 
methods of investigation used in this study. 
Only when the blood pressure falls to a 
low level is the flow of blood noted as a 
uniformly granular red stream. 
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In a number of arterioles and in the 
majority of vessels on the venous side of 
the circulation the motion of blood is visible. 
It is usually characterized by a central dark 
stream flanked by two narrow light fringes. 
Streamline flow is evident by the fact that 
blood flowing into a collecting vein formed 
by the union of two or more veins tends 
to remain in separate streams for some 
distance before mixing. Such respective 
streams were traced by observing a central 
clear flow between two dark columns pres- 
ent in the collecting vessel. 

In a few areas streamline flow does not 
occur; turbulence and eddy currents form 
at the point of vascular junction, with im- 
mediate mixing of the blood of the differ- 
ent These turbulent areas were 
noted at the points where deeper veins 
drain into the superficial ones. 


vessels. 


Under some scleral windows the venous 
flow of some areas seemed to slow down, 
to pulsate for a few moments, and then to 
reverse, returning later to its original direc- 
tion, These changes are probably artefacts 
produced by the insertion of the plastic, as 
they were never observed in dehydrated 
preparations, in which the movement of 
blood is uniform towards the vortices. 


Interference with Arterial Supply 
and Venous Drainage 

In this section reference will be made to 
the changes induced in the choroidal cir- 
culation as a result of: (1) occlusion of the 
carotid arteries ; (11) occlusion of the ciliary 
arteries, and (III) occlusion of the vortex 
veins, 

I. Occlusion of the Carotid Arteries.— 
The early studies of Adamiik,” von Hippel 
and Gruenhagen,* Graser,® von Schulten,!” 
and others showed that carotid obliteration 
produces a fall in the intraocular pressure 
in the homolateral eye. Heine ™ qualified, 
in his observations, that the decrease in 
intraocular pressure was not constant, 

After carotid ligation or compression in 
albino rabbits, Kussmaul observed pallor 
of the iris without a similar involvement of 
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the fundus. While performing carotid oc- 
clusion in dogs, Weber '* noticed collapse of 
the vessels in the major circle of the iris. 
Linner '* observed in rabbits that ligation 
of the common carotid diminished by 19% 
the quantity of blood escaping from an in- 
cised vortex vein in the homolateral eye. 

Barany,'®"* using topical anesthesia and 
tonometry, recorded that unilateral closure 
of the carotid in the rabbit causes an homo- 
lateral fall of 4 mm. Hg in the intraocular 
pressure and a drop of 30 to 40 mm. Hg 
in the pressure of the ophthalmic artery. 
These changes were followed by a return 
to normal by the intraocular pressure even 
though the arterial pressure in the ear on 
the operated-on side remains depressed. Ap- 
plying a manometric technique, Davson and 
Matchet '* found that in normal rabbit eyes 
unilateral carotid occlusion also causes an 
immediate fall in intraocular pressure. This 
decrease averaged 7.5 mm. Hg. Kornblueth 
and Linner '* applied tonography to rabbits 
under general anesthesia, They found that 
the fall in intraocular pressure on the 
ligated side amounted to nearly 6 mm. Hg. 
The rate of aqueous flow and the coefficient 
of facility of outflow were also decreased in 
the occluded side. 

Siegrist ' surveyed extensively the litera- 
ture of the past century on the ocular ef- 
fects that develop after carotid ligation or 
compression in man, He mentions the ap- 
pearance of some transitory decrease in in- 
traocular pressure. Digital compression of 
the carotid in man was shown by Golowin *° 
to cause a 2 to 3.5 mm. of Hg fall in the 
tension of normal eyes. Swan and Raaf *! 
studied cases that were treated surgically by 
carotid ligation. They noted ocular hypotony 
that developed within the first hour after 
operation ; 24 hours later the tension varied 
from 10 to 13 mm. (Schietz), and it re- 
mained depressed for periods up to six 
months. Also observed was a 25% to 50% 
reduction in diameter of the retinal arterial 
vessels, Becker and Friedenwald state 
that if the homolateral carotid artery is 
compressed during tonography there is a 
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precipitous fall in the intraocular pressure 
tracing. 

Method: Observations were made in al- 
bino rabbits in which one or both common 
carotid arteries were dissected in the neck 
region. A loose tie was placed around the 
vessel, and the animals were prepared for 
study of their choroidal circulation. The 
carotid ligature was tightened while the 
choroid was microscopically observed. 

In a second group of animals the carotid 
contralateral to the eye to be studied was 
cannulated with a polyethylene tube. While 
the eye was under observation contrast 
media were injected through the tube. These 
consisted ***7 in (a) methylene blue in a 
1% aqueous solution, (b) carmine in a 0.5% 
solution in Gifford buffer, (c) light green 
in a 1% aqueous solution, (d) hematoxylin 
(Mayer’s hemalum solution), (¢)  thio- 
flavine S in a saturated aqueous solution, 
(f) carbon black suspension in Ringer's 
solution (supernatant fluid after standing 
for several days). 

When thioflavine S was employed, obser- 
vations were made with ordinary light and 
ultraviolet light. The latter was arranged 
in a device similar to the quartz rod ap- 
paratus suggested by Knisley.2* * The Pur- 
ple X-GE (250 watt) bulb employed did not 
provide sufficient illumination for satisfac- 
tory studies. 

Observation: Immediately after ligation 
of the homolateral common carotid there 
was some narrowing in the long posterior 
ciliary arteries. The decrease in vessel cali- 
ber was somewhat more evident in the in- 
traocular portion than in the extraocular 
portion of the vessel. Simultaneously slight 
pallor was noted in the column of flowing 
blood. 


When the contrast media were injected 
under pressure through the contralateral 
carotid artery, the dye was noticed to ap- 

*Part of the necessary equipment was lent by 
Dr. S. I. Askovitz from the Ophthalmology Re- 


search Laboratory, Albert Einstein Medical Cen- 
ter-Northern Division, Philadelphia, 
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pear in the choroidal vessels of the eye un- 
der observation. 

Methylene blue, carmine, and light green 
produced transitory staining of the larger 
choroidal vessels, creating a beautiful color 
change in the entire ocular coat; neverthe- 
less, this staining did not abet the visualiza- 
tion of the choriocapillaries. Thioflavine S 
and hematoxylin diffused rapidy through the 
vascular walls, and carbon black did not 
give enough contrast, and so neither of 
these agents gave sufficient aid for the de- 
lineation of the vascular structures. 

Comment: The extracerebral circulation 
to the head of the rabbit is apparently func- 
tionally separated in the two sides.'7 The 
circle of Willis in the living animal * does 
not permit the interchange of the blood 
streams in the main vessels across which it 
lies because of inherent hydrodynamic 
characteristics.*! The present studies appear 
to indicate that blood entering the eye under 
normal conditions comes from the homo- 
lateral carotid artery but that the circle of 
Willis may be considered as a potential 
shunt which can be utilized in the presence 
of vascular obliteration, as was indicated 
in our studies with coloring materials. The 
adequacy of the circle as a bypass will de- 
pend on the inherent structural character- 
istics of the individual. 

Unfortunately, the dyes employed did not 
help in the better outlining of the chorio- 
capillaries, 

II. Occlusion of the Posterior Ciliary Ar- 
teries.—Obliteration of vessels supplying the 
uvea can be considered to have importance 
because of (A) the concept of segmentation 
in the uveal tract with associated vicarious 
function to maintain viability and (B) the 
modifications in intraocular pressure induced 
through alterations in the vascular supply. 

A. The classical experiments of Wagen- 
mann ** created the concept that the vessels 
within the choroid have a segmental distribu- 
tion. He found that after section of part of 
the posterior ciliary arteries in the living 
rabbit an area of choroidal ischemia and 
atrophy with pigmented degeneration of the 


W'udka—Leopold 


retina developed. These changes corre- 
sponded in location to the field of distribu- 
tion of the affected vessels. Capauner * and 
Kruckmann ™ also found similar alterations 
after inducing choroidal circulatory disturb- 
ances in experimental animals. Following 
the technique described by Wagenmann, 
Nicholls * repeated the original studies and 
reevaluated the results. This author found 
that in order to produce an area of degenera- 
tion it was necessary to interfere with at 
least two-thirds of all the posterior ciliary 
arteries, 

Siegrist © studied the individual ciliary 
arteries after ligation followed by injection 
of a dye into the carotid. He found that 
the areas of choroid supplied by individual 
vessels are not filled by neighboring vascular 
beds. From these studies he concluded that 
the ciliary vessels behave as end-arteries. 
On the other hand, Bossalino*? concluded 
that obliteration of an isolated artery pro- 
duces nutritional alterations that are com- 
pletely restored through the collateral 
circulation. 

The description of the choroid by Leber 
has been interpreted as favoring the concept 
of segmental distribution of the vascular 
supply in this ocular coat. According to 
him, the short posterior ciliary arteries in the 
midchoroid of human eyes anastomose 
usually only to a slight degree but extensive 
anastomoses are present in the correspond- 
ing capillary bed. The lack of arterial 
anastomotic branches does not apply to the 
vicinity of the optic nerve and the periphery 
of the choroid, where the posterior ciliaries 
anastomose with the recurrent branches 
from the major circle of the iris. The 
choroid of rabbits injected with plastic 
material was studied by Vilstrup.*® She 
found that the short ciliary arteries anasto- 
mose more abundantly than has been de- 
scribed in the literature, but no anastomoses 
were found between them and the recurrent 
arteries of the major circle of the iris. On 
the basis of the course and distribution of 
the ciliary arteries, Vilstrup considers the 
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choroid divided into three regions that lack 
sharp demarcation. 

After operative obliteration of ciliary 
vessels in opticociliary neurectomies, 
Schlodtmann,”  Studer,*! Coats,** and 
others observed changes in the retina and 
choroid that were attributed to an inter- 
ference with the blood supply. In an eye 
enucleated following retinal detachment 
surgery, Wilson and Irvine * found necrosis 
of uveal tissue that was imputed to the 
destruction of the ciliary arteries. 

Clinicopathologic studies were reported by 
Coats **4* of cases that showed a quadran- 
gular patch of choroidal atrophy. He con- 
cluded that the changes present could best 
be explained by an obstruction of a posterior 
ciliary artery, with consequent infarction of 
the inner layers of the sclera, the choroid, 
and the retina. 

On the basis of clinical studies, Hep- 
burn * suggested that the posterior ciliary 
vessels behave like a terminal vascular 
system, In cases of deep choroiditis he 
found wedge-shaped scotomata in the field 
of vision extending into the extreme 
periphery and having no relationship to the 
size of the original focus. He concluded that 
the loss of a sector of retinal function was 
caused by the cutting off of its vascular 
supply. Feigenbaum and Kornblueth * pub- 
lished a similar case. 

Wybar ‘7 prepared casts of the choroid 
by intravascular injections and observed that 
the short posterior ciliary arteries were 
segmentally arranged. Each branch supplies 
a localized area of the choroid, but there 
was no anatomical evidence for the concept 
that these arteries were true end-arteries, 
This author surveyed the theories of division 
of the choroid into sectors and zones and 
offered different explanations for the clinical 
cases which have been cited to illustrate the 
existence of choroidal segmentation. 

B. Wagenmann * reported transitory 
ocular hypotony in rabbits when some of 
the posterior ciliary arteries were obliterated. 
Coagulation of a single long posterior ciliary 
artery was found by Guerry * to reduce the 
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intraocular pressure in both the rabbit and 
the human for a period of about two weeks. 
Angiodiathermy in man was carried out on 
the nasal vessel, which is more prominent 
and can be more easily identified, while the 
temporal artery is usually obscured by the 
attachment of the inferior oblique muscle. 
The procedure was suggested to be employed 
in combination with cyclodiathermy. It was 
considered safer than posterior sclerectomy 
and useful for preventing initial tension rise 
that often follows cyclodiathermy. 

Based on the same general principles, 
namely, the relief of ocular hypertension 
through reduction of blood supply, several 
procedures have been evolved for the 
therapy of glaucoma. 

In the technique employed by Schulte °° 
obliteration of the long posterior ciliary 
artery is attempted. The nasal artery was 
selected, as it is larger and more accessible. 
This vessel perforates the sclera 13.4 mm. 
from the limbus, while the temporal artery 
enters 19.2 mm. behind the limbus. Oblitera- 
tion of one vessel was not sufficient for 
control of pressure in cases of glaucoma, 
and additional coagulation in the area of the 
ciliary body had to be done. Biozzi® per- 
formed angiodiathermy of a long posterior 
ciliary artery to obtain an antiglaucomatous 
effect and was able to observe the throm- 
bosed vessel by ophthalmoscopy. 

Schreck’s method is intended for 
coagulation of the long posterior ciliaries 
by anolysis (ciloanolysis). He inserts an 
electrode similar to a cyclodialysis spatula 
in the suprachoroidal space 7 to 8 mm. from 
the limbus. The long posterior ciliaries run 
forward at the level of the horizontal merid- 
ian, and the spatula crosses their route 
immediately behind the ora serrata. This 
operation when combined with cyclodialysis 
is known as cilocycloanolysis. 

Diathermic occlusion of both long poste- 
rior ciliary arteries behind the insertion of 
the horizontal recti is performed by Ket- 
tesy °*°° (cycloanemization). The operation 
was effective particularly in cases of glau- 
coma where the tension lies between 30 to 40 
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mm. Hg. It is considered an efficacious 
procedure when used as a complement to 
other antiglaucomatous operations, in partic- 
ular cyclodialysis. A slightly modified techni- 
que was tried successfully by Stergar °° for 
cases of primary chronic glaucoma. Bietti °* 
considers that the action of the procedure is 
at least partially similar to that exerted by 
nonperforating cyclodiathermy, even if an 
occlusion of the terminal branches of the 
long posterior ciliaries occurs simultane- 
ously. 

Arato **®? recommends obliteration of the 
long posterior ciliary and the anterior ciliary 
arteries by diathermy puncture over the 
scleral insertion of the horizontal recti in 
order to reduce the formation of aqueous. 
By means of a 1.5 mm. needle two rows of 
punctures are made in the area before the 
muscle insertion. The punctures of the first 
row go immediately parallel to the insertion ; 
those of the second row, 1 to 2 mm. toward 
the limbus, in front of the interspaces of the 
punctures of the first row, On the basis of 
results of 100 operations the author states 
that the procedure brings lasting normaliza- 
tion of the tension in cases of simple glau- 
coma. In the absolute stage of glaucoma 
and in the presence of an ocular tension 
higher than 45 to 50 mm. Hg it is less effec- 
tive. Knobloch® also performs angiodia- 
thermy immediately in front of and parallel 
to the insertion of the lateral and medial 
recti. He recommends the procedure for 
cases of simple glaucoma. 

Occlusion by diathermy of all the anterior 
and one posterior ciliary arteries is sug- 
gested by Albrich® for the treatment of 
glaucoma. This author recommends that 
when the long ciliaries can not be found the 
overlaying sclera should be sectioned, form- 
ing a pedunculated flap that permits the 
proper exposure of the vessel. This tech- 
nique has also been tried by Fleischer. By 
exclusive diathermy coagulation of the 
anterior ciliaries, Baurmann ™ did not obtain 
permanent favorable results. 

Method: Observations were made after 


obliteration of the extra- and intraocular 


HW'udka—Leopold 


portions of the long ciliary arteries, the 
short ciliaries, and their branches. 

I. The extraocular portion of the long 
posterior ciliary arteries was exposed by 
dissection of the conjunctiva and rotation 
of the eye. The vessels were localized 
slightly below the horizontal meridian of 
the globe; a double-armed nonabsorable 
surgical (silk) suture was passed under- 
neath them and tied. The arteries were 
the two sutures. The 
animals were studied immediately and one 
week after one or both arteries had been 
cut. 


sectioned between 


II. Occlusion of the intraocular portion 
of the long posterior ciliaries, the short 
ciliary arteries, and their branches was ac- 
complished by surface diathermy application 
on the vessels under direct visualization 
The current was 
applied as long as was necessary to obtain 
a complete interruption of the blood flow. 


through a microscope. 


Observations: |. (a) Immediate circula- 


After section of the extra- 
ocular portion of one long posterior ciliary 


tory changes. 


artery variable circulatory modifications oc- 
cur that depend on the individual anatomic 
arrangement of the choroidal vessels, The 
portion of the vessel distal to the ligature 
undergoes a decrease in caliber accompanied 
by alteration in the direction of blood flow. 
The circulation is retrograde; it usually 
comes from the terminal branches and 
occasionally also from some of the collateral 
short ciliaries. This retrograde flow of blood 
proceeds from the long to the short ciliaries, 
where the direction of blood maintains its 
normal The reversed column of 
blood is lighter in color and shows a slower 
speed of movement, The walls of the larger 
vessels through which it traverses acquire 
a white brilliant appearance. Complete 
stagnation of blood is present in the portion 
of the vessel that does not have a collateral 
branch for the escape of blood, and it 
acquires a dark purple color. There is a 
general slowdown of circulation in the 
neighborhood of the ligated vessel ; complete 
stagnation or reversal of flow develops in 


course, 
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some arterioles and venules. “White emboli” 
were observed and carried in the 
circulation. 


away 


When the second long posterior ciliary 
artery was ligated, several changes occurred 
in the described picture. In some vessels 
the direction of flow remained unchanged ; 
in others the movement of blood reversed 
to an abnormal or to the original direction, 
and still other vessels acquired an alternate 
flow until the column of blood completely 
stopped. In some vortical areas the direction 
of flow is normal in the posterior branches 
and reversed in the anterior ones, 

The whole of the choroidal circulation 
undergoes an adaptation for the purpose of 
conveying blood from the posterior un- 
affected ocular segment into the anterior 
portions where the arterial supply has been 
interrupted. This is accomplished in some 
areas at the expense of creating an abnormal 
retrograde flow from the veins, through the 
capillaries, and into the arterial side of the 
vascular bed. In the areas where the vessels 
carry this vicarious function the column of 
blood appears paler, has a slow motion, and 


has a great tendency to undergo complete 
stasis in some points. 
(b) Circulatory changes after one week. 


Observations made one week after the 
obliteration of a single long posterior ciliary 
showed slight narrowing of the intraocular 
portion of the vessel. The blood flow is 
reversed, being directed toward the ligated 
point. Through this circulatory arrange- 
ment the branching short ciliaries arising 
from the main trunk receive a blood supply 
that has a normal direction. Although the 
appearance of the column of blood in these 
vessels is improved (as compared with its 
appearance shortly after ligation), there still 
is a greater than normal tendency for the 
development of stasis. 

One week after obliteration of both long 
posterior ciliary arteries the anterior ocular 
segment revealed marked degenerative 
changes (Wagenmann,* Siegrist,®* Guer- 
ry,** Vilstrup,®* and others). Dehydration 
of the sclera for the study of the choroidal 
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vessels was poorly accomplished. The few 
areas observed showed veins of a pale color 
and a slowly moving column of blood that 
had a great tendency for stagnation. 

Il. When the intraocular portion of one 
long posterior ciliary artery was occluded 
distally to the point where the short ciliaries 
originate, the column of blood was seen to 
move from one terminal branch into the 
other, In the segment between the occluded 
point and the terminal branches only a slight 
to-and-fro movement was observed in the 
stagnant column of blood. 

The application of a diathermy point to 
a short ciliary artery or to an arteriole in- 
duced the same basic circulatory changes. 
These were characterized by the passage 
of the column of blood through the 
anastomatic arterial branches, accompanied 
on occasions by a reversal of the original 
direction of flow. Also frequently observed 
was a retrograde flow from the capillary 
bed through the main arterial trunk into the 
collateral branches. The vascular segment 
between the occluded point and the nearest 
collateral contained a stagnant column of 
blood that acquired a reddish purple hue. 
An infrequent occurrence after the applica- 
tion of a diathermy point was the collapse of 
a whole vessel, with its branches becoming 
almost invisible. This type of behavior was 
more commonly observed in the smaller 
arterioles. 

Comment: The effects induced by occlu- 
sion of the ciliary arteries and their branches 
on the choroidal circulation appear to depend 
on the quantitative involvement of the 
vessels, 

(a) Minimal Occlusion. From the pre- 
vious description it is evident that the col- 
laterality in the choroidal vascular bed is 
sufficiently abundant to protect the ocular 
coat from damage as a result of an isolated 
vascular occlusion. The choroidal vessels 
do not form structural end-systems in the 
true sense, Retrograde capillary flow in- 
dicates that there are at least extensive 
capillary anastomoses between the territories 
supplied by neighboring choroidal arteries. 
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(b) Moderate Occlusion. When a mod- 
erate number of arteries are occluded, the 
circulation is not completely abolished in 
the affected region. The blood is carried 
to the involved areas either through inter- 
arterial anastomoses or by retrograde flow. 
Initially the flow of blood is decreased, but 
later the blood column acquires an appear- 
ance that closely mimics the one present 
under normal circumstances. During the 
period required for the circulatory adjust- 
ment to develop, metabolic and hydrostatic 
changes may appear. As a consequence, 
transitory and even permanent changes may 
occur in the ocular coats, affecting areas 
of variable size. The hydrostatic reversal 
will manifest itself by a tendency of the 
tensional characteristics of the eyeball to 
return toward the original. 


The interpretation of the functional sig- 
nificance of collateral connections demon- 
strated by injection techniques should be 
guarded. These techniques show that col- 
laterality exists, but they do not give satis- 
factory evidence that the collateral channels 
are functionally operative at levels required 
to maintain viability in the structures in- 
volved. 

(c) Extensive Occlusion. With an ex- 
tensively involved arterial supply, irrevers- 
ible changes will occur in the structures of 
the eye nourished normally by the affected 
vessels. 

III. Occlusion of the Vortex Veins.— 
Experimental ligation of the vortex veins 
has been performed by numerous investi- 
gators. These observations were undertaken 
primarily for the study of the characteristics 
of the venous circulation and its relations to 
other functional activities in different struc- 
tures of the eye (Adamik,** Leber,” 
Weber,”? Schoeler,”! Arlt,7* von Schulten,!? 
Ulrich,73 Koster,“* van Genus,” Weiss,” 
Magitot,”7 Duke-Elder,”* and others). The 
changes described after ligation of the 
superior vortex veins involve an immediate 
hyperemia of the iris in the segment drained 
by the veins. This is accompanied by a rise 
of tension of about 20 mm. Hg. If ligation 
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of the inferior vortex veins is then per- 
formed, intraocular pressures up to 80 to 90 
mm. Hg have been readily induced, At the 
same time, the anterior chamber becomes 
shallow, the pupil dilates, and marked 
hyperemia develops in the iris. There is 
formation of a colloid-rich plasmoid aqueous 
and marked engorgement of all the vessels 
throughout the fundus. Later the cornea 
becomes opaque, the tension remains ele- 
vated, and further ophthalmoscopic studies 
are impossible. In the course of a few weeks 
the pressure returns to normal. 


A number of clinical studies have been 
published in which obstruction of the ef- 
ferent veins is discussed. Reports of this 
nature were made, among others, by Birn- 
bacher and Czermak,™ Heerfordt %*! 
Thomsen,*? Seefelder,** Larsson,™ Black,®* 
and Pillat.™ 

Method: The vortex veins were localized 
and dissected on either side of the superior 
and inferior rectus muscles. Obliteration of 
the vessels was accomplished by a double 
silk tie placed around them; they were then 
sectioned between the two ligatures. A 
variable number of veins (from one to 
four) were tied in each animal, and observa- 
tions were made immediately and one week 
later. 

Observations: (a) Immediate circulatory 
changes. After ligation of a single vortex 
vein there is deviation of blood flow into 
the neighboring areas that is accomplished 
through a reversal of circulation in some of 
the choroidal veins. The phenomenon is not 
generalized, as part of the veins tributary 
to the affected vortex will remain with a 
normal direction of flow. When the nor- 
mally directed column of blood arrives at 
the ligated vortex it is returned through the 
tributary veins, in which the direction of 
flow has been reversed. Simultaneously 
with these changes it was noticed that the 
column of blood acquired a deeper color 
without a noticeable increase in the trans- 
verse caliber of the vessels. 

As the vortex veins were ligated succes- 
sively other modifications were observed in 
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Choroidal veins in living rabbit. After a tie was 


removed from the vortex vein (X), numerous 
white emboli were noticed. An embolus was photo- 
graphed at a point distal from the vortical sinus 
(arrow) ; reduced from mag. * 10. 


the choroid, These consisted in complete 
stagnation of blood in some veins, with 
general slowing of the circulation. Reversal 
of flow partially involved the arterial side 
of the vascular bed, and in some arterioles 
and venules near the capillaries a pulsating 
back-and-forth movement of blood was 
noticed. The development of thromboses 
was favored, and the choroidal vessels ac- 
quired a deeper tone. Numerous reddish 
points appeared in the intervascular spaces, 
and later larger areas of choroidal hemor- 
rhages were identified. 

The previous modifications became most 
dramatic when the last of the vortex veins 
was tied. Partial return to normal circula- 
tory conditions was noticed when the tie 
around the vortex veins was removed. This 
maneuver was sometimes accompanied by 
a shower of “white emboli” * that escaped 
through the lumen of the open vessel ( Fig.). 

(b) Circulatory changes after one week. 
Observations made one week later revealed 
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in general that the changes described above 
persisted. In the areas drained by the ligated 
vortex veins, reversal of circulation was 
present in some of the tributary vessels, 
with deviation of flow towards the neighbor- 
ing regions. The column of blood in the 
veins appeared of a slightly deeper color, 
and the edges of the vessels had in some 
areas a scalloped appearance. The indenta- 
tions normally present at the arteriovenous 
crossings were more accentuated. The open- 
ings through which the underlying tributary 
venules drain into the larger outer veins 
were distinctly outlined, and at these points 
the flow of blood had a definite turbulent 
appearance. 

When degenerative changes occurred in 
the eyeball after ligation of three or four 
vortex veins, dehydration of the sclera fol- 
lowing the usual technique was poorly 
accomplished and observations were unsatis- 
factory. 

Comment: Occlusion of the choroidal 
veins will produce a pattern of circulatory 
changes that mutatis mutandis will resemble 
or even surpass the adaptation that follows 
arterial occlusion. The venous circulation 
appears to be in a more favorable condition 
of adaptation because of the numerous 
anastomoses present the 
choroidal veins. 


among larger 


Effect of Increased Intraocular Pressure 

The study of artificially induced ocular 
hypertension has a dual significance: A. 
By covering the eye into a natural sphygmo- 
manometer indirect measurements of vas- 
cular pressure in the intraocular vessels have 
been attempted. B. It permits determination 
of the conditions required for the mainte- 
nance of a continued circulation within the 
globe under abnormally high intraocular 
pressure. 

A. The intraocular pressure can be 
raised either by forcing a fluid into the eye 
(manometric method) or by pressure ap- 
plied externally to the intact globe (tono- 
metric method). The behavior of the 
intraocular vessels has been studied, and the 


Vol. 58, Nov., 1957 


4 4 
* 
‘ 
= 
— 
4 
; 


CHOROIDAL VESSELS 


points of maximal oscillation and absence 
of oscillation taken, respectively, as the 
diastolic and systolic pressures (indirect 
technique for measurement of vascular 
pressure in the intraocular vessels), These 
changes can be determined in two ways: 
(a) by the oscillatory method, in which the 
amplitude of the oscillation is observed in 
the column of a manometer or the lever of 
a tonometer, and (b) by the ophthalmoscopic 
method, where the pulsations of the intra- 
ocular vessels are seen with an ophthalmo- 
scope. The subject as a whole was 
extensively surveyed by Duke-Elder,7* who 
accompanied his study by a critical review. 
The manometric technique has found appli- 
cation primarily in experimental animals, 
while the tonometric procedure has been 


adapted for clinical use. The latter was 


particularly developed by Bailliart,*7** who 
popularized a more accurate technique. In 
this method the intraocular pressure is 
raised artificially by applying pressure to the 
outside of the globe with a piston working 
against a standardized spring (ophthalmody- 


namometer). The apparatus is placed in the 
region of the external rectus and while this 
is done the vascular pulsations in the fundus 
are observed with an opthalmoscope. 
Duke-Elder 7* pointed out that determina- 
tion of pressures in the intraocular circula- 
tion by opthalmodynamometry involves a 
number of fallacies and that the results 
obtained have a comparative but no absolute 
significance. Koch,®® after reviewing the 
subject, concluded from the reports in the 
literature that the technique does not permit 
us to arrive at definite 
blood pressure. 


values of retinal 
While admitting some of 
Franceschetti, Streiff and 
Monnier,” Redslob,”! Bailliart,®? and others 
consider the method to furnish values with 
sufficient approximation to make it a useful 
procedure. 

Hill and Flack demonstrated experi- 
mentally that when they divided a vortex 
vein of a cat and then allowed it to bleed 
the hemorrhage was stopped only when the 
intraocular pressure was raised almost to the 


its limitations, 
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level of the carotid pressure. Hill,®* Star- 
ling,”* and others showed that the intra- 
ocular and venous pressures go together ; if 
the former is clevated the latter will in- 
crease concomitantly, On raising the intra- 
ocular pressure by tonometry, Duke-Klder ™ 
showed that the intraocular venous pressure 
rose coincidentally but remained slightly 
higher than the chamber pressure. 
experimental findings were in complete 
accord with the theoretical requirements 
necessary in order to maintain continued 
circulation of blood in an enclosed system 
like the eye. It is an essential postulate for 
the maintenance of a continuous circulation 
that the arterial pressure should be higher 
than the capillary pressure, the capillary 
higher than the venous, and the venous 
higher than the intraocular. If the pressure 
in the eye is raised, the veins at their points 
of exit tend to become obliterated. When 
this occurs, pressure from the arteries in- 
creases, causing the veins to reopen, and 
the circulation will proceed at a higher level. 
This process can be maintained until the 
level of pressure in the ophthalmic artery 
has been reached. 


These 


Investigation of the cerebral circulation 
during periods of increased intracranial 
pressure was made by Wolff and Forbes.*® 
" They observed the pial vessels directly 
through a transparent cranial window, while 
the cerebral spinal fluid pressure was being 
raised, These authors considered that three 
important physiological mechanisms are in- 
volved in the maintenance of cerebral circu- 
lation under conditions. 
First, the circulation is initially adjusted by 
means of pressure changes in the vessels 


these abnormal 


that lead to an increase of arterial pressure 
within the skull. This establishes a slower 
yet effective circulation through the brain 
without any rise in systemic arterial pres- 
sure. Second, in response to cerebral anemia 
when the first adjustment is no longer 
adequate, there occurs a rise in pressure in 
the systemic arteries. Third, there is a re- 
duction in vascular tone associated with 
asphyxia which favors the flow of a greater 
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volume of blood through the cerebral vessels 
with less resistance than before. 

Dobree *” investigated the compensatory 
circulatory changes in cases of glaucoma. 
He studied the modifications in caliber of 
the ciliary and retinal vessels when the 
tension was high and again after it had 
been lowered. His observations led him to 
conclude that when the ocular tension rises 
two compensatory mechanisms may function 
together. [Virst, in the more moderate de- 
grees of ocular hypertension the local rise 
of both the intraocular venous and arterial 
pressures would seem to be sufficient to 
overcome the circulatory embarrassment and 
maintain adequate blood flow. Second, in 
the higher ranges of ocular tension dilatation 
of the intraocular vessels becomes increas- 
ingly important, because a very small in- 
crease in caliber would be sufficient to lower 
the vascular resistance and greatly to im- 
prove the ocular circulation. 

Method.—To elevate artificially the intra- 
ocular pressure in rabbit eyes a simple man- 
ometric apparatus was employed, A mercury 
manometer with a regulating pressure bulb 
was connected to a container filled with 
saline. Through the inlet of the container 
pressure is transmitted to the fluid, and by 
the outlet it is allowed to escape through 
a needle inserted into the anterior chamber. 

The choroidal circulatory changes were 
observed through the microscope while the 
intraocular pressure was being raised. The 
values expressing the levels of intraocular 
pressure do not have an absolute significance 
but are useful as landmarks indicating a 
succession of events. 

Observations. —With gradual elevation of 
the intraocular pressure the sequence of 
vascular events was characterized by the 
following changes. Slight pallor developed 
in the area of the venous vortices when the 
pressure was between 30 and 40 mm. Hg. 
Pulsations appeared in the posterior ciliary 
arteries at the points of perforation of the 
sclera at an average pressure of 79 mm. Hg 
and acquired maximal amplitude when the 
level of 83 mm. Hg was reached. Following 
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this, the influx of blood into the choroid 
was intermittent, and at a pressure of 93 
mm. Hg there was a definite decrease in 
the speed of blood flow. Complete collapse 
of the intraocular portion of the posterior 
ciliaries occurred at a pressure level of about 
105 mm. Hg. At higher pressures the 
movement of blood was reversed in the 
arteries and followed its normal direction in 
the veins; under these conditions the col- 
umns of blood were extremely pale and 
moved very slowly. The latter changes 
probably indicate that the blood accumulated 
in the choroid was being expressed by the 
increased intraocular pressure through all 
available channels. Complete standstill of 
circulation occurred at pressures of 110 
mm. Hg or higher. 

The progressive changes previously de- 
scribed followed a reversed sequence when 
observations were started at a high intra- 
ocular pressure that was gradually lowered. 

Comment.—From the previous descrip- 
tion it is evident that when the intraocular 
pressure is increased in a rather short period 
of time (up to half an hour) the circulation 
in the choroid is adjusted by means of pres- 
sure changes. The increased ocular pressure 
is transmitted to the veins; that in turn 
affect the capillaries and then the arteries. 
This results in the establishment of a 
choroidal circulation at a higher level. If 
the ocular pressure increases further, the 
process repeats itself until the available force 
from the arteries is exhausted. 

During the present investigation no active 
or passive dilatation of the choroidal vessels 
was observed that through lowering the 
vascular resistance would facilitate the 
blood flow under conditions of increased 
intraocular pressure. The lack of a vasodi- 
lator response in the choroidal vessels has 
been discussed in a previous paper.‘ 


Summary 


Hemodynamic characteristics of the 
choroidal circulation were studied in living 
albino rabbits. 
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The motion of blood in the larger arteries 
of the choroid is ordinarily too rapid to be 
seen. The arterioles and veins have a 
streamline type of blood flow. At the points 
where deeper veins drain into the superficial 
ones eddy currents are present. 

Ligation of the homolateral common 
carotid produces some narrowing of the 
long posterior ciliary arteries. When con- 
trast medium was injected through the 
contralateral carotid the dye appeared in the 
choroidal vessels of the eye under observa- 
tion. The dyes employed did not abet the 
better visualization of the choriocapillaries. 

Occlusion of the ciliary arteries and their 
branches was followed by compensatory 
circulatory changes. These consisted in the 
flow of blood from the anastomotic channels 
or from the choriocapillaries towards the 
obliterated vessel. The results obtained are 
discussed in relation to the extent of the 
vascular occlusion. 

Occlusion of the vortex veins induced 
modifications in the direction of blood flow 
in the affected areas. 


Artificially increased intraocular pressure 
produced initially marked pulsations in the 
posterior ciliary arteries at the points where 
they perforate the sclera. At higher pressure 
levels there was intermittent flow of blood 
and decreased speed of circulation until 


complete vascular collapse resulted. No 
active or passive dilatation of the choroidal 
vessels was observed. 


16th & Spring Garden Sts. (30). 
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CORRECTION 


In the article “Office Management of Glaucoma,” by Dr. W. Howard Morrison, in the 


August, 1957, issue of the Arcuives, two lines of type were printed in wrong locations. The 
second and third sentences of the section “Ophthalmoscopic Examination” (p. 227) should 
read: “A description of the fundus and a classification of the papilla are not as accurate nor 
as useful means of comparison in a prognostic sense as are successive sketches and measure- 
ments. The need of periodic study of the eyegrounds necessitates the temporary discontinuance 
of the use of miotics, particularly if the miosis is marked and the media are hazy.” The 
sixth, seventh, and eighth sentences of the paragraph “Physostigmine (Eserine)” (p. 230) 


should read : 
blepharospasm takes place. 


This increased pressure is very soon offset by the miotic effect. Long-continued 
Physostigmine is a vasodilator and, as a result, an increased 
use of physostigmine frequently causes a follicular conjunctivitis.” 
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The following article was originally published in the September issue. Through an error 
one page of illustrations in color was omitted. The entire article is therefore being repub- 


lished. 


The Vitreous 


Gross and Microscopic Observations Seen in Age and Disease, with Special 
Emphasis on the Role of Vitreous in Detachment of the Retina 


JOSEPH A. C. WADSWORTH, M.D., New York 


Introduction 


There are relatively few studies of the 
vitreous found in the literature where em- 
phasis is placed on the gross appearance. 
Many criticisms of existing studies have 
frozen further investigation of obvious 
pathologic changes seen clinically, macro- 
scopically, and microscopically. De Wecker ! 
accurately described the process of vitreous 
shrinkage as well as the important rela- 
tionship of the vitreous to detachment of 
the retina. Not until Gonin*®* applied 
cautery to seal the retinal tears did the 
significance of vitreous changes in retinal 
detachments finally gain its relative im- 
portance. 


The normal vitreous is a transparent gel 
that completely fills the posterior part of the 
eye. In its normal state it acts as a cushion 
to help keep the structures of the eye in 
their normal position. The important func- 
tion of cushioning the retina helps maintain 
the retina in contact with the pigment 
epithelium. In the young adult in whom 
there has been no history of disease, the 
vitreous has its normal characteristics. How- 
ever, with age certain changes take place 
in the form of shrinkage, liquefaction, and 
formation of strands. Such changes in them- 
selves may have no adverse affect on the 
general health of the eye. On the other 
hand, certain relatively minor changes as- 
sociated with the usual senescent develop- 
ments may result in serious complications.** 
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Changes in Vitreous 


During the process of opening the globes 
sent to the Pathology Laboratory at the In- 
stitute of Ophthalmology, Presbyterian Hos- 
pital, it was observed that certain changes 
found in the vitreous fell into a general 
pattern, depending on age, history of ocular 
disease, or injury. These changes found 
in the vitreous have been previously de- 
scribed by many authors *!°; however, their 
relative importance has been minimized, 
since they have often been considered arte- 
facts.** Further study and research led to 
the conclusion that most of the changes 
found were not artefacts but, for the most 
part, existed prior to enucleation. 

A series of normal globes from young 
persons was opened, both in the fresh state 
and after fixation. Both the fresh and fixed 
globes, when opened, showed the vitreous to 
be transparent, normal in consistency, and 
at all times filling the vitreous cavity (Figs. 
1, 2, 3, 4, 5, and 6). 

Other globes, in which there had been a 
history of disease, when opened, showed 
typical changes in the vitreous that cor- 


Fig. 1—Diagram showing the normal relation 
of the vitreous to the other structures of the eye. 
The vitreous is lightly shaded, and the retina is a 
dark line. Here, the vitreous completely fills the 
vitreous cavity and mechanically cushions the 
retina against the pigment epithelium. 
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Fig. 5.—A picture of the orbital contents re- 
moved because of a malignant melanoma of the 
conjunctiva. The eyeball is normal. The vitreous 
is clear and retains its normal consistency. 


responded to the type of ocular disease. 
Where there had been a perforating wound 
that extended into the vitreous cavity, it was 
generally possible to follow the course of 
perforation by a condensation and a loss 
of transparency of the vitreous. The course 
of an intraocular foreign body could often 
be traced by the thin line of opaque vit- 
reous extending from the point of entry 
and coursing to the locale of the foreign 
body. In such a case, where there has been 
damage to the vitreous by the perforating 
wound or intraocular foreign body, the 
vitreous becomes liquefied and often leaves 
localized areas of condensation in the form 
of dense vitreous strands (Fig. 7). If there 
has been an associated inflammation, the 
strands become cellular and later contract. 
The contracture of the strands often results 
in a detachment of the retina.'*!® 

In order to interpret many of the routine 
changes found in the vitreous, it is necessary 
to study the eye both in youth and in age, 
because typical changes take place in the 
vitreous of elderly patients. As previously 
shown, normal young adult eyes were found 

Fig. 8.—Diagram showing an early detachment 
and shrinkage of the vitreous (4). The superior 


detachment is the earliest change and is usually 
limited by the ora and optic nerve. 
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Fig. 9—A diagram showing a somewhat more 
advanced shrinkage of the vitreous. However, the 
vitreous is still attached at the optic nerve (A) 
and near the ora (B). 


to have normal vitreous. However, with 
age, there is a tendency for vitreous to 
shrink and become detached posteriorly.?”*® 
The superior portion of the vitreous is 
usually the area to become detached earliest 
(Fig. 8). The posterior hyaloid is often 
visible with the slit lamp clinically. With 
subsequent shrinkage of the vitreous, the 
space created between the retina and the 
hyaloid is filled with a fluid substance re- 
sembling aqueous. Further detachment of 
the vitreous extends to the region of the 
equator, but the attachment of the hyaloid 
to the optic nerve remains (Figs. 9 and 10). 
The attachment of the vitreous to the optic 
nerve subsequently separates, and there is 
then a complete posterior detachment of the 
vitreous (Figs. 11, 12, 13, and 14).27*5 Of- 
tentimes, such a detachment can be seen 
clinically and is identified by the presence 
of a circular opacity undulating on the 
posterior surface of the hyaloid, 

In the absence of previous ocular disease, 
such shrinkage of the vitreous may cause no 

Fig. 11.—A diagram showing complete posterior 


detachment of the vitreous (A). Progressive 
shrinkage of the vitreous has caused detachment 


of the hyaloid from the optic nerve. 
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damaging effects to the eye. When the 
vitreous first becomes detached, however, 
there are symptomatic manifestations in the 
form of lightning flashes. This was first 
described by Moore ** and later amplified 
by Verhoeff.*°° The symptoms were ex- 
plained by the fact that the floating vitreous 
strikes against the retina following rapid 
movement of the eye. Such contact with 
the retina causes stimuli, to be interpreted 
as lightning flashes. Further shrinkage of 
the vitreous results in a disappearance of 
these troublesome symptoms. 

Detachment of the vitreous is an ex- 
tremely common finding in patients over 
50 years of age. Above the age of 65 years 
shrinkage of the vitreous was found in 
between 70% and 75% of the eyes ex- 
amined. Simple shrinkage of the vitreous 
cannot be associated with other pathological 
changes found in the eye, but it is apparent 
that some conditions in the eye may hasten 
or cause changes identical with those seen 
in the elderly person. In cases of myopia a 
shrinkage and liquefaction of the vitreous 
may develop and numerous floating strands 
are often seen clinically as well as macro- 
scopically. These changes per se may cause 
no damage to the visual organs. However, 
if in the process of shrinkage there exists 
an adhesion of the vitreous to the retina, 
subsequent shrinkage of the vitreous may 
result in a retinal tear following traction 
on this localized area ** (Fig. 15). Conden- 
sation of the vitreous with or without down- 
growth of cellular elements along the strands 


Fig. 15.—A diagram showing superior detach- 
ment and shrinkage of the vitreous with the pres- 
ence of a retinovitreous adhesion (A). There is 
obvious traction exerted by the vitreous on the 
retina, 


Wadsworth 


Fig. 16.—A diagram showing a situation similar 
to that in Figure 15 but with further shrinkage 
of the vitreous and a tear in the retina at the 
point of retinovitreous adhesion (4). Once the 
tear is present, fluid migrates behind the retina and 
causes a detachment of the retina. The subretinal 
fluid is darkly shaded. 


may subsequently contract and cause suf- 
ficient traction on the retina to create a 
tear and later cause a detachment (Fig. 16). 
From the above facts, it can be concluded 
that the vitreous plays a dominant role in 
the formation of detachment of the retina.** 
Such details can be clearly seen by studying 
the specimen shown in Figures 17, 18, 19, 
and 20. 

The patient is said to have developed a 
detachment of the retina involving the 
superior temporal quadrant. horseshoe- 
shaped tear was found and treated with 
diathermy. On or about the second week, 
there was noted an elevation of the treated 
area, and, in addition, the region had a 
bluish-gray color. A neoplasm was sus- 
pected, and an enucleation was performed. 

Examination of the globe showed the 
treated area of the sclera to be markedly 


Fig. 19.—A photograph of the microscopic sec- 
The 


tion taken through the region of the tear. 
marked flattening of the sclera is obvious. 


: 
f 
” 
4 
¢ 4 
~~ 
ot: 


flattened (Fig. 17). When the globe was 
opened no tumor was found, but there was 
a moderately severe hemorrhage in the 
choroid. The retina was in place, and the 
area of treatment completely surrounded 
the tear. The vitreous was detached and 
shrunken but was adherent to the tear (Fig. 
18). 

After studying the illustrations in this 
case, it may be surmised that the apparent 
elevation was due to the fact that the sclera 
was shrunken and flattened, giving the 
ophthalmoscopic appearance of elevation 
(Fig. 19). The bluish-gray color was no 
doubt due to the choroidal hemorrhage (Fig. 
20). 

In spite of the ophthalmoscopic changes, 
the retina had been reattached and the hole 
had been sealed by diathermy. After treat- 
ment, the vitreous continued to remain at- 
tached to the flap of the retinal hole. 

During life, small areas in the retina 
become atrophic. The cause of these changes 
is not clear, but at these points of atrophy 
the vitreous becomes adherent. During the 
process of detachment and shrinkage of the 
vitreous with progressive age these localized 
adhesions may exert traction on the thin, 
atrophic area of the retina, causing a tear, 
with subsequent detachment of the retina 
(Fig. 21).3* 

In addition to the localized atrophic areas 
in the retina, small points of chorioretinitis 
may be present. Such areas are associated 
with retinovitreous adhesions correspond- 
ing to the scar. The mild focal chorioretinitis 
does not produce a_ dense _prolifera- 
tive scar and therefore leaves thin weakened 

Fig. 25B.—A photograph of the same eye as 
shown in Figure 24, but both callottes have been 


removed to show the dense character of the 
strands. 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


areas that can be easily torn by traction of 
the adherent vitreous (Fig. 22). These 
strands may be extremely dense and capable 
of exerting great force in the form of 
traction at a localized point on the retina 
(Figures 23A, 23B, and 24).%* 

On the other hand, the dense chorio- 
retinal scars formed following an exudative 
process rarely tear following traction from 
the vitreous strands, because the chorio- 
retinal adhesions are so dense that they can 
withstand the pull. 

The vitreous strands following severe 
chorioretinitis may be very dense and even 
cellular. The contracture of these cellular 
strands exerts great force and may cause a 
separation of the retina (Fig. 25A, 25B, and 
26). 

Secondary Holes.—There are different 
types of holes found in the retina in the 
presence of detachment. The usual horse- 
shoe-shaped tear is probably formed by the 
presence of a retinovitreous adhesion in an 
eye where the vitreous has become shrunken 
and causes localized traction on this weak- 
ened area of the retina. Once the fluid has 
gained access to the subretinal space, the 
retina separates from its contact with the 
pigment epithelium and becomes elevated. 
The fluid in the subretinal space exerts fur- 
ther pressure on the retina and increases 
the area of detachment. 

If this subretinal fluid migrates from 
above to the lower portion of the fundus, it 
may cause an elevation below. Such an 


Fig. 26.—Microscopic slide of Figure 25B, which 
shows the cellular character of the dense vitreous 
strands. 
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Fig. 27,—A diagram showing a hole in the 
retina above, with a large dependent detachment 
below. 


elevation may be bullous, and there may be 
no holes in the lower portion of the retina 
(Fig. 27). On the other hand, one fre- 
quently sees one or more small punched-out 
dehiscences in the elevation. Such secondary 


Fig. 28—A diagram showing a hole in the 
retina above, with a dependent detachment below. 
The chorioretinal adhesion is a point where a 
—— secondary hole in the retina may form 
( 


holes can be caused by the presence of small 
localized areas of chorioretinitis existing 
prior to the detachment (Fig. 28). When 
the fluid migrates to the lower portion of 


Fig. 29.—A diagram showing a condition similar 
to that in Figure 28, but sufficient force has been 
exerted on the retina to cause a secondary hole 
to form (A) at the location of the chorioretinitis 


(B). 
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Fig. 30—A photomicrograph of the eye of a 
44-year-old woman who developed a detachment 
of the retina following diabetic retinopathy. The 
detachment was of long standing, and secondary 
glaucoma developed. A section of the globe shows 
a complete detachment of the retina. 


the globe, sufficient force is exerted on the 
localized adhesions that either a hole is 
formed or the small areas of chorioretinitis 
are broken (lig. 29). In this case, traction 
from within is not responsible for the pres- 


Fig. 31.—High-power photomicrograph of Area 
A in Figure 30, showing an area of chorioretinitis 
that has been under traction from the detached 
retina, causing thinning of the retinal elements. 
Further traction can easily cause a hole to form 
by a rupture of the thinned retina. 


ence of the retinal holes. The force form- 
ing the secondary holes is exerted by the 
pushing effect of the subretinal fluid rather 
than by the traction from within (Figs. 30 
and 31), 

Fig. 32.—Diagram showing two small holes in 
the peripheral retina without detachment. The 


vitreous cushions the retina and exerts no traction 
on the lips of the hole. 
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Fig. 33.—A photomicrograph of an eye taken 
from a 15-year-old girl who had an abscess of the 
cornea, There was no clinical evidence of detach- 
ment. The apparent detachment shown in the 
section is an artefact due to sectioning. 


Peripheral Cysts.—In recent years, with 
the improved methods of examining the 
peripheral fundus, many small holes have 
been described in the absence of detachment 


Fig. 2—A picture of a freshly enucleated nor- 
mal eye taken from a young person with a neo- 
plasm of the orbit. The vitreous is crystal-clear 
and fills the vitreous cavity. 


Fig. 3—A picture of a normal eye removed 
from a middle-aged person with an orbital neo- 
plasm. The eye and orbital contents were fixed in 
Gonzalez’ solution. The vitreous is clear and shows 
no evidence of shrinkage. 


Fig. 4.—A picture of a normal eye removed 
from a patient in his early 50's. There was no 
history of eye injury or disease. The vitreous is 
clear and fills the vitreous cavity. 


Fig. 6.—A picture of a normal eyeball removed 
because of an orbital tumor. The expansion of 
the tumor has caused a compression of the globe 
without obvious changes in the normal trans- 
parency of the vitreous. 


Fig. 7.—A picture of an eye which had sustained 
injury from a perforating foreign body. The 
course of the foreign body is made clear by the 
condensation of vitreous in the form of fine striae. 


Fig. 10.—A picture of an eye removed after 
iridocyclitis and secondary glaucoma. The section 
shows a posterior detachment and shrinkage of 
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Fig. 34.—A high magnification of the peripheral 
retina in Area A from Figure 33. There is a 
small cyst at the ora serrata which involves all 
layers of the retina. 


of the retina. These holes may be the result 
of small cysts in the periphery. The holes 
may remain unchanged without ever caus- 
ing a detachment so long as the vitreous 
cushions this area (Fig. 32). The small 
peripheral cysts of the retina have often 
been blamed for detachment of the retina. 
But with a better understanding of the 
changes found in the vitreous clinically and 
macroscopically, as well as microscopically, 
one can conclude that such cystic changes 
are not the major cause of detachment 


(Figs. 33, 34, and 35). 


vitreous, but the hyaloid is still in contact with 
the optic nerve. 


Fig. 12.—Picture of an eye from a 65-year- -old 
man. In childhood a blow to the eye resulted in 
the loss of vision. Glaucoma developed two years 
prior to enucleation. A section of the globe reveals 
complete posterior detachment of the vitreous (A). 
The hyaloid is no longer attached to the optic 
nerve. 


Fig. 13.—Picture of an eye removed from a 60- 
year-old man with a history of uveitis many years 


previously. Secondary glaucoma developed, with 
subsequent loss of vision. A section of the globe 
shows a complete posterior detachment of the 
vitreous (4), which is somewhat more advanced 
than that in the previous Figure. 


Fig. 14.—Picture of an eye removed from a 79- 
year-old woman in whom acute glaucoma de- 
veloped following eye examination. Tension was 
not controlled, and vision was lost. A section of 
the globe shows advanced shrinkage of the vitreous 
(A). The cushioning effect exerted by the vit- 


reous is present only on the peripheral part of 
the retina (B), 


Fig. 17.—A_ photograph showing the marked 
flattening of the sclera above the area where treat- 
ment was applied. 
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Fig. 35.—Serial sections of the cyst shown in 
the previous illustration reveal an actual hole at 
one point. There was an existing hole in the 
retina, but the vitreous cushioned this area and 
exerted no traction in order to cause a detach- 
ment. 


Disinsertion—The mechanism of disin- 
sertion is probably different from that of 
all other types of retinal tears or holes. A 
disinsertion frequently following 
direct trauma to a normal eye. The retina 
tears from its attachment at the region of 
the ora serrata. As the hole is made, formed 
vitreous protrudes into the subretinal space 
through the large tear ( Figs. 36 and 37). 
Since the tear may be plugged with vitreous, 
fluid does not migrate to the subretinal 


occurs 


Fig. 18—The interior of the eye, showing the 
shrunken vitreous adherent to the lip of the tear. 
The faint white spots surrounding the tear repre- 
sent the diathermy barrage 


Fig. 20.—High-power photomicrograph depicting 
the retinal tear; beneath the retina is the choroidal 
hemorrhage. The tag of the retina is attached 
to the vitreous, as is represented by the faint- 
staining strands extending from the tag of the 
retina (A). Note that the retina is firmly re- 
attached in the area of the hole. 


Fig. 21—A photomicrograph showing a localized 
area of retinal atrophy (4) with retinovitreous 
adhesions (B). Traction by the shrunken vitreous 
may produce a tear in the weakened retina. 


Fig. 22.—A photograph of an eye taken from a 
60-year-old man with history of repeated attacks 
of iridocyclitis associated with vitreous hemor- 
rhage. Secondary glaucoma developed. A _ section 
of the globe shows numerous atrophic areas of 
the retina and focal chorioretinitis. The retino- 
vitreous adhesions (4) could exert sufficient 
traction to tear the retina and cause detachment. 


Fig. 23A.—A photograph of an eye taken from 
a 38-year-old man. A loss of vision developed 
following a blow to the eye. Glaucoma developed 
two years before enucleation. A section of the 
giobe shows dense vitreous strands capable of 
exerting traction with great force. 
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Fig. 36.—A diagram showing the vitreous pro- 
truding through a disinsertion and partially filling 
the subretinal space. 


space. Therefore, the detachment may re- 
main unchanged over a long period, On the 
other hand, the retina is separated by 
formed vitreous and may not respond to the 
usual diathermy barrage. It is usually neces- 
sary to apply diathermy applications in the 
area behind the vitreous in order to wall off 
the elevated region. 


Vitreous Hemorrhage.-Associated with 
age and disease, vitreous hemorrhage may 
present itself as a part of a syndrome, In 
cases in which hemorrhage takes place and 
makes its way into normal vitreous, the 
blood remains dark and in dense strands, 
causing a prolonged decrease in vision, Ab- 


Fig. 23B.—Callotte from specimen shown in 
Figure 23A, demonstrating scattered atrophic areas 
which probably represent inactive chorioretinitis, 
Note the vitreous adhesions to these scars, 


Fig. 24.—A photograph of the eye of a 26-year- 
old man who developed detachment of the retina 
following trauma. Subsequent to operation there 
were repeated attacks of iridocyclitis and secon- 
dary glaucoma developed. A section of the globe 
shows extensive chorioretinitis with a shrinkage 
of the vitreous and fine vitreous strands adherent 
to the region of the scar. 


Fig. 25A.—A photograph of an eye taken from 
a 47-year-old man who had repeated attacks of 
iridocyclitis. He later developed glaucoma. A sec- 
tion of the globe shows dense vitreous strands 
in the form of membranes which are firmly at- 
tached to the areas of chorioretinitis, 


Fig. 39.—A photograph of a globe taken from 
a 66-year-old woman, with diabetes of long stand- 
ing, who had a history of repeated vitreous hemor- 
rhages. A section of the globe shows blood in 
the normal vitreous. 


Fig. 43.—A photograph showing a detachment 
of the retina in the presence of a malignant 
melanoma of the choroid. Note that the subretinal 
fluid has coagulated following fixation of the 
globe 
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A photomicrograph of an eye with a 
history of a bullous detachment following a dis- 
insertion. The microscopic section shows the periph- 


Fig. 37 


eral retina and disinsertion. The vitreous (4) 
extended through the disinsertion into the sub- 
retinal space when the globe was opened, but when 
the specimen was handled, the vitreous withdrew 
from the disinsertion. However, a small amount 
of vitreous is present in the retinal tear. 


sorption of such blood may take months or 
even years (Figs, 38 and 39), 

It is not unusual to see a patient with a 
recent vitreous hemorrhage that clears with- 
in 24 to 48 hours. This hemorrhage prob- 
ably takes place in the retrovitreous space. 
Such an eye probably has a detachment of 
the vitreous with shrinkage, and the blood 
escapes into the area containing fluid be- 
hind the vitreous. Blood in this fluid 
medium settles rapidly, as blood in the 
anterior chamber quickly forms a hyphema 
(Figs. 40 and 41). A rapid return of vision 
may be experienced, 

Such a mechanism is often seen prior 
to the formation of detachment of the 
retina, A small rent in the retina may tear 
a blood vessel and cause blood to fill the 
subvitreous space and obscure the findings. 
After the blood has absorbed or settled, one 


Fig. 38.—A diagram showing hemorrhage into 
the normal vitreous. Blood in the gel may re- 
main unchanged for months. 
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Fig. 40.—A diagram showing blood in the sub- 
vitreous space. The blood has settled into the 
dependent part of the globe. A gross specimen was 
observed, but photography was not possible, be- 
cause the blood escaped with the subvitreous fluid 
at the time the globe was opened. 


is able to find a tear in the retina and a 
small localized detachment. 

Subretinal Fluid.—Depending on the na- 
ture of the disease process, subretinal fluid 


has different characteristics. If there is a 


Fig. 41.—A 
hemorrhage on the surface of the retina following 
a subvitreous hemorrhage, as described in Figure 


microscopic section that shows 


serous detachment of the retina with a hole, 
the subretinal fluid remains liquid and does 
not coagulate on fixation. On the other 
hand, in the presence of a choroidal tumor 


Fig. 42.—A diagram showing a detachment of 
the retina associated with a melanoma of the 
choroid. The subretinal fluid has coagulated on 


fixation. 
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with a secondary detachment of the retina 
where no hole exists the subretinal fluid is 
high in protein and quickly coagulates on 
fixation (Figs. 42 and 43). Such fluid gives 
a 4+ Pandy reaction, indicating an in- 
creased amount of protein. The same 
coagulability of the subretinal fluid is seen 
in inflammatory conditions causing a de- 
tachment—for example, Haroda’s disease, 
toxemia of pregnancy, and localized chorio- 
retinitis. Such definite differences in the 
subretinal fluid could very easily be a help 
in establishing the diagnosis in some in- 
dividual instances. 


Conclusion 


Vitreous changes fall into definite pat- 
terns that may be confirmed by clinical, 
gross, and microscopic findings. Many of 
previously described artefacts are actually 
real changes in the vitreous. The vitreous 
plays an important part in health and dis- 
ease of the eye. The mechanism of detach- 
ment of the retina is more clearly 
understood with our increased knowledge of 
the changes in the vitreous, 

635 W. 165th St. (32). 
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Coats’ Disease 


GEORGE N. WISE, M.D., New York 


Michaelson ' showed that embryonic ret- 
inal capillaries developed entirely from 
veins and stated that the retinal capillaries 
and veins should be considered one vascular 
unit. He proposed that all retinal vascular 
development occurred in response to some 
unknown tissue factor present in areas of 
relative retinal anoxia. As the capillary bed 
developed, nearby arteries with their higher 
oxygen environment had an inhibitory influ- 
ence on the production of this unknown 
tissue factor and thus an inhibitory influ- 
ence on capillary extension in their vicinity. 
At term retinal vascularization became com- 
plete; a state of equilibrium was reached, 
and further vascular formation ceased. ['i- 
nally, Michaelson stated that the capacity 
of veins and capillaries to form new vessels 
did not disappear at birth but simply became 
dormant. 

In a previous article ? it was proposed that 
some degree of capillary or vein obstruction 
in the fully developed retina initiated the 
reawakening of Michaelson’s dormant em- 
bryologic mechanism. With sufficient ob- 
struction of any part of the venous vascular 
unit (capillaries or veins), circulatory stag- 
nation and a state of relative retinal anoxia 
beyond the obstruction developed. Under 
these conditions, Michaelson’s vasostimulat- 
ing factor, normally absent in the mature 
retina, reappeared. In embryologic vascular 
development a preordained normal gradient 
of this factor insured an orderly develop- 
ment of the retinal vascular tree. In venous 
obstruction, depending on its degree, etiol- 
ogy, and ramifications, a patchy 
distribution of this factor in varying con- 
centrations called forth a disordered 
vascularization and 


site 


neo- 


aneurysm formation 
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almost totally from the regional veins and 
capillaries. Evidence was also presented # 
that so-called retinal microaneurysms were 
actually aborted neovascular buds arising 
as a result of this same neovascular-stimu- 
lating factor. 

With use of these principles, a new ex- 
planation of the pathologic sequence in 
Coats’ disease and several related conditions 
was suggested, 

The literature will first be analytically 
reviewed, Each condition will then be ex- 
plained in a new way, showing these various 
interrelations. 

Coats ** described under the title of reti- 
nitis hemorrhagica externa a_ pathologic 
condition occurring mainly in the young. 
He divided these into three groups: (1) 
cases without marked vascular changes, (2) 
cases with marked vascular changes, and 
(3) 
tions. 


cases with arteriovenous communica- 


Group 3 has subsequently been placed in 
a category of its own, It is now known as 
von Hippel’s angiomatosis retina its 
purely retinal form® or as Von Hippel- 
Lindau the 


when central 


system is also involved. 


disease nervous 


Coats’ original descriptions have been little 
changed until recently. He reported this 
disease of the young as usually involving 
only one eye. The general health and physi- 
cal examination were normal. Those cases 
without vascular changes were commonly 
nonprogressive; those with such changes 
usually progressed, 

The disease had a long protracted clinical 
course with remissions and exacerbations. 
Massive yellowish or white deep retinal 
exudation first. It sometimes 
started posteriorly with tongues reaching out 


to the periphery or, at other times, started 


appeared 
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peripherally in the vicinity of small venous 
radicles. While most of the exudation was 
deep to retinal vessels, where heavy, it occa- 
sionally reached up to cuff or cover them. 
The retina was extensively infiltrated and 
slightly elevated, or more localized exuda- 
tion highly elevated it, at times to 10 or 12 
D. Deep hemorrhages were almost always 
present and gave a variety of fundus colors. 
Fresh exudative patches occurred suddenly 
in new areas; older zones underwent choles- 
terin degeneration and absorption. As the 
disease aged, pigment proliferation became 
more prominent. 

Vascular changes, when present, showed 
tremendous variation. Minimal changes con- 
sisted of vascular engorgement over exuda- 


tive areas, increased arterial reflex, and 
peripheral vascular dilatation with occa- 
sional white sheathing. In other cases, 


vascular pathology seemed primary. In 
these, vessels near the disc were nearly 
normal while change occurred in 
third- or fourth-division veins. Fusiform 
or pearl-like dilatations, ectasias, aneurysms, 
tortuosities, glomerular forms, anastomoses 
between abnormal vessels, and obstructions 
were all common. 
were 


most 


Such vascular changes 
limited to a small area. 
Hemorrhages occurred in areas of most 
vascular Retinitis proliferans 
following vitreous hemorrhage was occa- 
sionally noted. 


sometimes 


pathology. 


Later, retinal separation from the exuda- 
tive border to the periphery was common. 
Final complications included iritis, cataract, 
hypotony, or secondary glaucoma with 
classic rubeosis iridis and ectropian uveae. 
Coats also noted occasional circinate figures 
about prominent posterior exudative masses. 

One case * followed for 16 years exempli- 
fied the slowly progressive venous nature of 
this disease. The veins were involved early 
with all of the progressive changes enumer- 
ated above, while the arteries were always 
clinically normal. 

Coats concluded that peripheral capillaries 
were first involved, with changes too subtle 
for clinical detection. He saw new patches 
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of exudate where the vessels had repeatedly 
been found normal and stated that ophthal- 
moscopically recognizable vascular changes 
were not a necessary precursor of the dis- 
ease, 

In the original microscopic descriptions ** 
a local, or flat and diffuse, mass of subret- 
inal connective tissue was considered pathog- 
nomonic. Early, this tissue was loose and 
cellular; later it was less cellular and vascu- 
lar but much thicker. Hemorrhages, leuko- 
cytes, and fibrin in the cystic edematous 
retina and loose subretinal tissue were 
usual. Outer retinal elements were partially 
destroyed or missing, while inner retinal 
layers were often very well preserved. In 
early stages the subretinal fibrous mass was 
always adherent to the retina. In later stages 
it was sometimes also adherent to the cho- 
roid. Bruchs’ membrane and the choroid 
were usually normal. Some cases showing 
marked chorioretinal adhesion also demon- 
strated choriocapillary dilatation and a more 
marked vascularity of the subretinal fibrosis. 
In these few cases Coats believed the blood 


supply was partially derived from the 
choroid. 
Later, scattered pigment proliferation, 


giant cells, and collections of ghost cells 
were common. The most involved retinal 
areas were thickened and often folded. 

Finally, walled-off cystic spaces contain- 
ing swollen leukocytes, broken-down hemor- 
rhages, cholesterin crystals, pigment, and 
necrotic debris were seen subretinally. Cal 
cification and bone formation were very late. 

Coats also noted an occasional thin layer 
of fibrosis on the retinal surface, especially 
over an exudative This 
referred to later. 


mound. will be 

Vascular changes, though sometimes ab- 
sent or minimal, were usually marked. 
Hyalinized arterial walls, periarteritis, and 
occasional arterial obliterations were seen. 
sy far, the most pathology occurred in 
veins. The latter showed massive dilatations 
with relatively normal walls, periphlebitis, 
narrowings, irregular knots and kinks, endo- 
thelial proliferation, and blockage by hemo- 
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Intraretinal new vessels 
the 
normally avascular outer retinal layers and 
subretinal connective tissue were regularly 
found. At times marked vascular changes 
were found only at the major lesion and in 
that retinal sector peripheral to it. Obstruc- 
tion of a large venous trunk at the lesion 
could well account for this, in my opinion, 
Although | serial sections were not 
made, Coats stated that there was neither 
clinical nor pathologic evidence of complete 
obstruction of the central vessels. 


genous coagulum. 


and especially neovascularization in 


cross 


Subretinal fibrosis near the retina was 
more delicate, cellular, and vascular.* That 
farther from the retina was denser, more 
sparing in cells, and less vascular. Note 
how comparable this is to early and older 
retinitis proliferans. In one case (lig. 1) 
he noted a vascular tuft, originating from 
the deep retinal capillary bed and projecting 
with its fibroblastic mantle through the ex- 
ternal limiting membrane. Though going in 
the opposite direction, the complete simi- 
larity of this new vessel to those seen in 


early retinitis proliferans first suggested the 
concept offered in this report. 

Coats * believed that hemorrhage from the 
deep capillary bed initiated this disease. 
Intraretinal blood then broke through sub- 
retinally causing detachment. ibrotie and 
vascular organization of the subretinal 
hemorrhage completed the picture. He com- 
mented on the similarity of late complica- 
tions in exudative retinitis and central vein 
thrombosis. And, finally, he called attention 
to the similarity of this process and retinitis 
proliferans, both of which he 
simultaneously in a few instances, 

Leber differed 
scribed what he 
multiple miliary aneurysms with retinal 
degeneration. His occurred in 
young males and showed clinically small or 
wide-spread groups of 


observed 


with Coats and de- 


considered entity— 
cases all 


microaneurysms, 
mainly about the posterior pole and some- 
times centered on the macula. 


The aneu- 
rysmal cluster was often surrounded by a 


girdle or broken are of deep white exudates. 
Occasionally, in more exudative areas, the 


Fig. 1.— Reproduction 
of Coats’ original illus- 
tration from his first 
Note fibro- 
vascular proliferation 
subretinally from a di- 
lated capillary in the deep 
retinal vascular bed. This 
was in an area detached 
by massive  subretinal 
exudation. Note the simi- 
larity of this to the early 
fibrovascular proliferation 
in human retrolental 
fibroplasia, except for the 
fact that the latter grows 
from the superficial ret- 
inal vascular bed toward 
the vitreous. (Reproduced 
with permission from 
Royal London 
Ophthalmic Hospital Re- 
ports, J. & A. Churchill, 
Ltd.) 


case, 


Coats," 


4 

Wise 737 


Fig. 2.—Man aged 24, 
Coats’ disease O. S. Nor- 
mal ©, D. Note the mas- 
sive fibrotic intravitreous 
proliferans from the ob- 
structed 
poral 


superior tem- 
vein and the 
absence of vitreous pro- 
liferation in the area of 
massive exudation to the 
right. When the 
is against the 
proliferation is 
the vitreous, 


retina 
choroid, 
toward 


vessels were covered. Leber stressed the 
arterial origin of most aneurysms, but he 
noted their definite occurrence on veins and 
probable origin from capillaries. Some 
aneurysms were filled with blood; others 
were white and obliterated. Their feeding 
vessels were often tortuous and narrowed; 
had thickened walls and abnormal communi- 
cations and collaterals, or were obliterated. 
Most aneurysms occurred within the exuda- 
tive ring; less frequently, in the retina 
beyond. In severe cases with widespread 
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infiltration aneurysms were prone to appear 
overlying exudative areas. Some of the 
latter cases showed retinal detachment and 
retinitis proliferans. Uninvolved retinal 
areas, large vessels, and discs were normal. 

While occasional small hemorrhages were 
seen among aneurysms, severe hemorrhages 
were so rare that Leber stated they played 
no fundamental part in the disease. 


The similarity of this condition and 
Fuchs’ circinate retinitis was noted by 
Leber. An extensive review,’ to be pub- 


Fig. 3—Same patient 
as in Figure 2. A periph- 
eral area showing 
aneurysms and superficial 
proliferation in the de- 
pressed central area 
where the retina is ad- 
jacent to the choroid, 
This is not seen in the 
surrounding areas of 
massive exudation, where 
fibrovascular proliferation 
is subretinal. 
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lished soon, shows the clinical and micro- 
scopic similarity of both to circinate lesions 
in diabetes, venous obstruction, and senile 
disciform macular degeneration. 

The microscopic findings in most of 
Leber’s cases were the same as those re- 
ported by Coats. Indeed, Leber believed 
that his cases represented early examples 
of Coats’ second group and that this group 
comprised an entity. Noting that primary 
and secondary vascular changes were diffi- 


Fig. 5.—Same patient 
as in Figure 2, showing 
fibrotic proliferans from 
the disc _ superficially 
along dilated and ob- 
structed inferior temporal 
vein. Note that this is 
intravitreous, over an 
area of undetached retina. 
Note also that it stops at 
the border of an exuda- 
tive mound below, where 
fibrovascular proliferation 
is subretinal. 


Fig. 4.—Same patient 
as in Figure 2, showing 
another peripheral area 
similar to Figure 3. 


cult to assess, both he and Coats believed 
this to be primarily a vascular disease. The 
exudative phase they considered secondary. 

In general, Leber probably saw earlier 
cases than Coats; his cases showed more 
aneurysm formation, were more likely to 
show circinate figures, were less severe, and 
had less exudation. While both had the same 
microscopic pathology, Leber’s group dem- 
onstrated more new vessel formation in the 
inner retinal layers, 
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Fig. 6.—Man aged 25. 
Normal O. D. Coat’s dis- 
ease O. 5S. Peripheral ret- 
inal area showing groups 


of superficial aneurysms 
and vitrous proliferation 
in areas where retina 1s 


more adjacent to the 
choroid and on borders 
of exudative mounds. 


Where retina is detached 
by exudation, fibrovas- 
cular proliferation is 
mainly subretinal. 


Coats believed that his cases were due to 
the organization of hemorrhage from dis- 
eased capillaries and veins. Leber insisted 
that his was primarily a toxic or embolic 
arterial disease, in which hemorrhage was 
of secondary importance, Coats placed the 
aneusysms on the venous side of the circu- 
lation; Leber, primarily on the arterial, 
As a new pathologic sequence is to be 
proposed in this report, the first part of this 


controversy can be omitted. However, it 


seems wise to pause here and reconcile these 
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two conflicting views on the primary site 
of aneurysmal origin. What factors support 
Coats’ venous or capillary origin as against 
Leber’s view? 

1. Coats did not mention arterial aneu- 
rysms in any of his cases. Leber, while 
insisting that arterial aneurysms were pre- 
dominant, actually described both venous 
and probable capillary aneurysms in his. 

2. Kraus and Brickner’s case'' was 
claimed by both Coats and Leber as an 
example of each disease. Review of this 


Fig. 7.—Man aged 79. 
Circinate macular reti- 
nopathy O. D. Coats’ dis- 
ease O.S. A_ peripheral 
area of massive exudation 
containing  cholesterin 
These show 
archipelago-like character 
of exudate border 


crystals, 
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fundus illustration surely indicates venous 
as well as arterial aneurysms. 


3. Leber? cited only two personally ob- 
served cases in his original article. The first 
was a 25-year-old man with absolute glau- 
coma and widespread miliary aneurysms. A 


recent review * has demonstrated the pre- 
ponderence of capillary and venous micro- 
aneurysms in this disease. His second case 

-that of a 20-year-old youth—he saw only 
in consultation. Leber was the first to admit 


that his conclusions were drawn from a 


Fig. 9.—Same patient 
as in Figure 8. A periph- 
eral of 
exudation, 


previous 
showing the 
late pigment proliferation 
after exudate absorption 
Note similarity of this to 
healed disseminated cho 
rioretinitis 


Fig. 8—Woman aged 
56. Diagnosis; old Coats’ 
disease O, D, Area below 
disc showing obstructed 
vein, fibrotic intravitreous 
proliferans in lower left- 
hand corner. Note marked 
secondary arterial change. 
This entire area previ- 
ously showed massive ex- 
udation as in Figure 7. 


these 2, and 11 from 
the literature. Furthermore, two of his illus- 
trated cases, Figures 3 and 4,5 appear to 
demonstrate predominantly venous aneu- 
rysms. Also, Oeller’s case,’* which Leber 
included in his group, appears to show, 
according to the illustration, mainly venous 
aneurysms, l*inally, Leber in his writings on 
retinal aneurysms * was not always explicit 


small series of cases- 


as to their venous or arterial origin. He de- 
scribed Reimar’s case of central vein throm- 
bosis as having arterial aneurysms, and it 
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was not clear on which side of the vascular 
system he placed the aneurysms of diabetic 
retinopathy and hemorrhagic glaucoma. As 
now seems clear, these are all predominantly 
capillary or venous in origin? 

4. Retinal microaneurysms have recently 
been much more extensively studied. Most 
are now thought to originate from capil- 
laries and veins, in the various diseases 
wherein they occur. 

5. Miyoshita and Nisyake’s case of retinal 
degeneration with multiple miliary aneu- 
rysms ' showed three aneurysms attached 
to veins, none on arteries, and others scat- 
tered without visible vascular connection. 
Microscopically, the pathology described by 
both Coats and Leber was present. 

6. Kodilinye’s case of miliary aneurysms 
with retinal degeneration’ showed 11 
aneurysms attached to veins and only 2 on 
arteries. 

7. Gruber did not specify an arterial 
or venous aneurysmal origin in his case of 
miliary aneurysmal retinitis (Leber). How- 
ever, this case was strikingly similar to one 
reported by me.’® The latter was considered 
a circinate macular lesion secondary to 
“silent” central vein obstruction which only 
subsequently became apparent. This would 
place the aneurysms of this case on the veins 
or capillaries rather than on the arteries. 

8. Reese '? considered the aneurysms of 
his retinal telangiectasis (Leber’s disease) 
to be predominantly capillary or venous in 
origin. Indeed, several of his illustrated 
aneurysmal clusters were associated with 
venous changes usual in vein obstruction. 

9. It is well to recall, at this point, the 
recent controversy over the arterial or 
venous origin of the diabetic microaneu- 
rysm. Clinically, it is often impossible to 
determine the vascular origin of cases in 
which it occurs. While arterial aneurysms 
undoubtedly do occur, and have been seen 
by me in a classic example of the disease 
described by Leber, most modern writings 
attest to their rarity as compared with capil- 
lary or venous microaneurysms. In my case 
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just cited, three apparent arterial branches 
had multiple aneurysms like “berries on a 
stalk,” as described by Leber. However, 
close examination with the slit lamp revealed 
that two of the three branches were vastly 
dilated arteriovenous communications and 
not arteries at all. Might not this too ac- 
count for some of the discrepancy between 
Leber and Coats? 

It seems reasonable to conclude that while 
Leber was correct in recognizing arterial 
aneurysms in this disease he erred in giving 
them preponderence over those of capillary 
or venous origin. 

Morton '* and de Schweinitz '® both de- 
scribed cases clinically and microscopically ™ 
similar to those described by Coats, De 
Schweinitz noted two pertinent points: (1) 
the absence of retinal hemorrhage in one 
case; (2) the occurrence of the disease in 
a 60-year-old man. The latter was the first 
report of this juvenile and young adult dis- 
ease occurring in the elderly. * 

Other reports have served to confirm 
Coats’ original description.2°* 

Lamb * described in detail six early and 
two late cases of exudative retinitis. He 
believed an albuminous, edematous fluid de- 
rived from retinal vessels first infiltrated the 
retina itself. This led to subretinal exuda- 
tion and detachment. Retinal and subretinal 
connective tissue proliferation was a later 
phenomenon. Lamb agreed that the choroid 
took no part in the early phases and thought, 
as did Leber, that organization of hemor- 
rhage was unimportant in the pathologic 
sequence of this disease. 

Three of his early cases showed a delicate 
preretinal connective tissue, containing an 
occasional new vessel, over the summit of 
detached areas. At places this tissue ex- 
tended as a thin membrane into the vitreous. 
Both late cases showed a greater degree of 
this same phenomenon. Lamb’s major con- 
tribution was in noting that this delicate 
neovascular connective tissue was much 
more profuse just in front of the detach- 
ment at the ora and in the valleys between 
detached mounds. He said: “Where the 
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retina is less swollen, the internal layers 


are more involved than the external layers 
of the retina.” In other words, where the 
retina was near the choroid, both neovascu- 
larization and connective tissue were found 
in the inner retinal layers and preretinally. 
Where the retina was detached and away 
from the choroid, only a delicate layer of 
neovascular fibrosis was preretinal, while 
the major fibrovascular proliferation was 
deep retinal or subretinal. The tremendous 
significance of this observation will be dis- 
cussed subsequently, 

Reese '? made the most recent contribu- 
tion to Coats’ disease when he demonstrated, 
with periodic acid stain, a thickening of the 
vascular basement membrane sufficient, he 
thought, to occlude some vascular lumen. 
He considered this the primary lesion in 
Coats’ disease, leading to vascular occlu- 
sions. 

Reese substantiated Coats in noting more 
venous than arterial vascular lesions. He 
also confirmed Lamb in clinically noting 
more angiomatous changes in flat retinal 
areas. Opaque retinal areas, he thought, 
masked such changes. 


Finally, Reese observed that two of his 
cases of Leber’s disease—called by him 
retinal telangiectasis—progressed to Coats’ 
disease. 

Returning to the previously mentioned 
illustration of Coats’ (Fig. 1), which first 
suggested a new explanation of this disease, 
one may see a neovascular capillary origi- 
nating from the deep retinal capillary bed 
and growing toward the subretinal area. Its 
extremity is convoluted, resembling the neo- 
vascular glomerular tuft so frequently men- 
tioned in the early retinitis proliferans of 
diabetes, fibroplasia, 
thrombosis, and Eales’ disease.* In the latter 


retrolental venous 
the neovascular tufts project internally; in 
Coats’ illustration it projects externally. 
Why, then, in Coats’ disease did neovascular 
growth proceed in this “wrong” direction? 


Wise 


A New Concept of Coats’ Disease 
and Related Conditions 


In early retinitis proliferans the retina 
contacts the choroid and outer retinal layers 
are satisfactorily oxygenated by diffusion 
from the adjacent choriocapillaris. Follow- 
ing capillary and venous obstruction the 
circulation of the inner retinal layers be- 
comes stagnated. With sufficient stagnation, 
these inner retinal layers become relatively 
anoxic. In such inner retinal layers of 
hypoxia, equilibrium is disturbed; Michael- 
son’s dormant mechanism is awakened, and 
his unknown vasoproliferative factor devel- 
ops locally. In response to this, new blood 
vessels with their fibroblastic scaffolding 
grow primarily from veins and capillaries 
in these inner hypoxic layers and overflow 
into the vitreous. Aborted neovascular buds 
remain as aneurysms intraretinally.? 

In Coats’ disease, early massive subretinal 
exudation (with or without hemorrhage ) 
and subretinal masses of fatty granular cells 
mechanically detach the retina and block the 
outer retinal layers from their normal source 
of oxygen—the no-longer-adjacent chorio- 
capillaris. If no venous or capillary obstruc- 
tion ensues, the normally functioning retinal 
circulation insures adequate oxygenation of 
outer retinal layers as in bullous retinal 
detachment. No retinal areas become suffi- 
ciently anoxic, and equilibrium is undis- 
turbed ; no vasoproliferative factor develops, 
and aneurysms and new vessels fail 
to develop. Such is the course in Coats’ 
Group 1 and Leber’s purely exudative 
retinitis.2 

With the onset of retinal capillary and 
venous obstruction in these latter circum- 
stances, the oxygen status described above 
in retinitis proliferans no longer obtains. 
Inner retinal layers become relatively anoxic 
as before, but outer retinal layers, now 
utterly dependent on the complete integrity 
of the retinal circulation, become much more 
severely hypoxic. Under such circumstances, 
vasoformative factor develops in all retinal 
layers but is much more concentrated in 


outer retinal zones. In response to this 
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neovascular fibrosis proceeds predominantly 
toward outer retinal layers and overflows 
into subretinal areas. Such is the course in 
Coats’ Group 2. 

What evidence further supports this the- 
sis? 

1. Von Hippel® described in his second 
case just such a glomerular convolute of 
capillaries as was illustrated by Coats. These 
originated from retinal vessels in an area 
where obstructed vessels had the character 
of small veins. The capillary tuft appeared 
in rudimentary outer retinal layers. In his 
first case, he found massive changes in outer 
retinal layers only where the retina was 
detached. This would be expected, for else- 
where the juxtaposition of retinal and cho- 
roid, with no intervening block, would 
insure that outer retinal layers would have 
adequate oxygen from the choriocapillaries. 
In such undetached areas, vasoformative 
factor would be more potent in the super- 
ficial retina and vasoproliferation would 
therefore be more obvious in these inner 
retinal layers. 

2. Coats,** von Hippel,?* Thomsen,” and 
Lamb * all found delicate preretinal fibrosis 
and occasional new vessels over the surface 
of detached areas. Lamb ** drew particular 
attention to the marked increase of such 
preretinal tissue in undetached areas near 
the ora and deep in the clefts between de- 
tached mounds. Reese '? noted more super- 
ficial angiomatous formation in undetached 
areas and believed that it was deep and 
hidden in the detached exudative mounds. 

These findings are completely compatible 
with the proposed thesis. For, in detached 
and blocked zones, fibroblastic vasoprolif- 
eration should be toward the more hypoxic, 
outer retina. In undetached areas and in the 
clefts between exudative mounds, the sub- 
jacent choriocapillaris adequately supplies 
the outer retina and here vasoproliferation 
should therefore proceed toward the more 
hypoxic, inner retina, 

3. In their studies on experimental retro- 
lental fibroplasia, Ashton and Cook ® noted 
an outward proliferation of new blood ves- 
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sels to form a plexus under the retina in 
areas of detachment. In these same speci- 
mens there was an inward vasoproliferation 
forming intravitreous glomerular tufts deep 
in the grooves between detached mounds. 
The similarity of this to Lamb’s previously 
stressed findings in Coats’ disease is strik- 
ing. 

It is strongly suggested? that retinal 
capillaries and possibly small vein obstruc- 
tion, secondary to wall adhesion after oxy- 
gen vaso-obliteration, play a fundamental 
part in the production of retrolental fibro- 
plasia. Though it is clinically very different, 
a clear analogy of the sequence of pathology 
of this disease to that of venous thrombosis 
exists.? 

The premature retina is still growing and 
is much more reactive than the mature 
retina. That oxygen will obliterate only the 
vessels of the immature retina attests to this 
fact. The growing, immature retina is un- 
doubtedly more sensitive to oxygen depriva- 
tion. Therefore, simple detachment and 
separation of the outer retina from its 
choroidal oxygen supply is sufficient, in the 
presence of retinal capillary or vein obstruc- 
tion, to make the outer retina more hypoxic. 
Thus occurs the outward vasoproliferation 


in detached areas of this experimental dis- 
ease. 


secause of the intense hypoxia in retro- 
lental fibroplasia and therefore the high 
concentration of vasoformative factor, neo- 
vascular buds all progress to fully formed 
new vessels. Aneurysms have therefore 
rarely if ever been reported. One might 
anticipate a similarly high concentration of 
vasoformative factor in the outer retina of 
Coats’ disease, If this is true, the finding 
of more inner retinal aneurysms and outer 


retinal new vessels in Coats’ disease would 
also be explained. 


4. Early retinitis proliferans in diabetes, 
retrolental fibroplasia, venous thrombosis, 
and Eales’ disease has a delicate fibrosis and 
is very vascular. Later, fibrosis is heavy 
and vascularity is sparse. Similar findings 
have been noted in Coats’ disease. 
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COATS’ DISEASE 


5. Evidence indicating that organization 
of hemorrhage plays no fundamental part in 
retinitis proliferans has been presented.? 
Leber’s and Lamb’s similar conclusions in 
Coats’ disease seem most logical. 


Conclusion 

The thesis presented here seems to ex- 
plain the variable clinical and microscopic 
findings in a variety of conditions—all con- 
sidered by many as closely related but by 
others as individual entities. 

1. Leber’s exudative retinitis *** is a 
chronic disease of youth characterized by 
massive subretinal serofibrinous exudation 
with retinal detachment. Outer retinal lay- 
ers are mainly affected, and deep retinal or 
subretinal masses of lipid-containing bladder 
cells are characteristic. Hemorrhage plays 
a minor role, and retinal vessels are un- 
affected. No new vessel formation or sub- 
retinal fibrosis occurs. The explanation of 
this has been given earlier. 

2. A clinical and microscopic description 
of Leber’s multiple miliary aneurysms with 
retinal degeneration has been given. This 
disease is characterized by multiple zones 
of retinal hypoxia secondary to local capil- 
lary or venous obstruction. It is more 
spotty and milder than Coats’ disease and 
would be to the latter as disseminated is to 
diffuse chorioretinitis. Its early exudative 
phase is mild, allowing the retina to remain 
more nearly adjacent to the choroid. Thus, 
in Leber’s disease the hypoxia is greater in 
inner retinal layers. Aneurysms and some- 
times fibroblastic vasoproliferation are 
therefore readily visible on the retinal sur- 
face, the latter especially at the centers of 
these hypoxic areas. When Leber’s disease 
enters its more exudative and degenerative 
stage, the retina is more separated from the 
choroid by blocking exudation and_ fatty 
granular cells. Outer retinal layers then be- 
come more hypoxic and neovascular fibrosis 
proceeds subretinally. An early stage of 
Leber’s disease, with widespread superficial 
aneurysms which suddenly became exuda- 
tive, would explain the sporadic report of 


Wise 


profuse aneurysm formation on the surface 
of exudative mounds. The explainable rela- 
tion of Leber’s disease to circinate retinop- 
athy is the subject of another report.'? 
Reese’s'’ two cases of Leber’s disease 
progressing to Coats’ disease are thus under- 
standable. 

3. Reese’s massive retinal fibrosis ** clin- 
ically and microscopically closely simulated 
a localized mound of Coats’ disease. One 
case had a circinate figure around the 
mound. Chorioretinal adhesion prevented 
any marked retinal detachment. Vascular 
changes and new vessels were present. All 
three cases showed retinal and subretinal 
fibrosis, fatty granular cells, cystic retinal 
degeneration, and destruction in all retinal 
layers, though more marked in the outer, 
The illustration of Case 2 strongly suggested 
the type of venous cuffing seen in retinal 
vein obstruction. 

Here, the chorioretinal adhesion prevented 
much displacement of outer retina from its 
choroidal blood supply. Therefore, though 
hypoxia was still greater in the outer zones 
it was more intense than usual in the inner 
retina, Thus, neovascular fibrosis was pres- 
ent in all layers and more marked in the 
outer layer, 

4. Coats’ disease has been discussed, 

5. The possible explanation for an ocea- 
sional case of retrolental fibroplasia showing 
the microscopic findings of Coats’ disease 
has also been given. 

In this way, Coats’ disease and an ocea- 
sional case of retrolental fibroplasia might 
be considered external retinitis proliferans, 
while massive retinal fibrosis would repre- 
sent an intermediate stage between this and 
the usual form of internal retinitis pro- 
liferans. 

Dr. Albert Graemiger and Dr, Jaras Shegedyn 
aided in making the translations; Mr. Walter S. 


Lentschner did the photography, and Mrs, Joyce 
Rolls gave technical, library, and clerical aid. 
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Case Reports 


Sinus 


Visual loss secondary to compression of 
the optic nerves and chiasm by meningiomas, 
pituitary tumors, Rathke’s pouch tumors, 
epidermoids, chordomas, aneurysms, and 
secondary malignant processes in the area 
of the optic chiasm and nerves is en- 
countered fairly often in an_ extensive 
neurosurgical practice. Generally, the diag- 
nosis is apparent preoperatively. Roentgeno- 
grams of the skull disclose osteomas, 
“ballooning” of the sella turcica, suprasellar 
deposits of calcium, or secondary erosion 
of the sella turcica and clinoid processes. 
Examination of the visual fields in most 
instances reveals bitemporal hemianopsia 
of greater or lesser degree. Rarely should 
a diagnosis be made of malignant invasion 
of this area without microscopic identifica- 
tion of the lesion. 

We wish to present an unusual case in 
which the situation appeared to be hopeless 
preoperatively but in which surgical relief 
was easily accomplished. We should like to 
emphasize the fact that this particular type 
of condition has rarely, if ever, been en- 
countered previously. We believe that the 
technical surgical aspects of the case are 
worth recording in detail. 
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Blindness Secondary to Unusual Cyst of the Sphenoid 


COLLIN S. MacCARTY, M.D.; JOHN C. LILLIE, M.D.; DAVID D. DALY, M.D.; 
ROBERT W. HOLLENHORST, M.D., and COLIN B. HOLMAN, M.D., Rochester, Minn. 


Report of Case 


A 60-year-old registered nurse was ad- 
mitted to the hospital and to the services 
of the Mayo Clinic on July 17, 1955, com- 
plaining of failing vision of five weeks’ 
duration. Four months prior to her admis- 
sion she had noted a dull headache. Hyper- 
tension (pressure of 190 systolic and 90 
diastolic, in millimeters of mercury) had 
been diagnosed by her physician at home, 
and therapy with Rauwolfia was begun, The 
headaches had become progressively severe. 
live weeks before her admission pain oc- 
curred in the left infraorbital region, and 
diplopia and blurred vision were detected 
in the left eye. The left eye became swollen 
shut, and within 24 hours it was blind. The 
swelling subsided, and the diplopia disap- 
peared. Ten days before the admission of 
the patient, the vision in the right eye failed, 
so that the patient could not read a news- 
paper. Vision in this eye deteriorated so 
that at the time of admission the patient was 
almost completely blind, 

When examined at the hospital this patient 
could count fingers with the right eye but 
could not read. The left eye was blind. 
oth pupils were dilated; the right, 4 mm., 
and the left, 6 mm. The right pupil reacted 
to light, but the left did not react to direct 
light. It did react consensually when light 
was thrown into the right eye. The left 
eye was slightly divergent and did not move 
well medially, Corneal sensation was intact. 
The fundi were essentially normal, and the 
optic disks were normal. Charting of the 
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Fig. 
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perimetric fields disclosed a blind left eye 
and temporal anopsia with a central scotoma 
in the visual field of the right eye (Vig. 1). 
There was no physical evidence of pitu- 
itary insufficiency. The general examination 
revealed nothing of significance. Investiga- 
tion of the ear, nose, and throat revealed 
the tympanic membranes to be scarred from 
previous infections. Hearing was normal. 
No tumor was visible in the nasopharynx. 
Roentgenograms of the head revealed 
destruction of the sella turcica which ap- 
peared to be secondary to a malignant proc- 
ess or a chordoma, or possibly to a 
meningioma (Fig. 2). A roentgenogram of 
the thorax showed nothing abnormal. RKe- 
sults of urinalysis, the hemoglobin content, 


Fig. 2.—Extensive decalcification of the body 


of the sphenoid bone, with sparing of the anterior 
and posterior clinoid processes. The ethmoidal and 
maxillary sinuses are normal, 


the erythrocyte count, and the leukocyte 
counts were normal. 

Administration of a cortisone preparation 
was begun on July 19, 1955, in preparation 
for operation in the region of the hypo- 
thalamus and the pituitary gland. On July 
20, 1955, right frontal craniotomy was per- 
formed, An intradural approach was utilized 
to expose the region of the optic nerves and 
chiasm. There was no evidence of increased 
intracranial pressure. It was seen that the 
superior aspect of the sphenoid bone had 
been completely eroded, so that the dura 
separated the sphenoid sinus from the optic 
nerves and inferior surface of the brain. 
The dura in this site was tense and appeared 
in the form of a blue-domed cyst (Fig. 3a) 
between the optic nerves, which it was com- 
pressing (lig. 36). spinal-puncture 
needle was introduced into this cyst, and 10 


Fig. 3.—(a) Sphenoid cyst, showing relationship 
of cyst to the surrounding structures. (b) Com- 
pression of optic nerves by the cyst 
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sion into the sphenoid sinus, it was necessary 

to reflect a flap of dura from the right 

A va a sphenoid ridge and suture it over the defect 

: (Fig. 4). This was accomplished with four 

absorbable surgical (gut) arterial sutures, 

and it effectively repaired the defect. The 

wound was closed in layers without drain- 

age. The pathologic report was “inflam- 

matory cyst partly lined by squamous 
epithelium.” 


The postoperative convalescence was 
normal, On Aug. 5, 1955, the ophthalmo- 
logic examination disclosed slight pallor of 


Fig. 4.—The surgical procedures done on July both optic disks. The left eye remained 
20 to accomplish eradication of the sphenoid cyst ‘ 
are indicated. The intracranial evacuation of the blind. Corrected visual acuity in the right 
cyst was accomplished by way of an incision be- eye was 20/60, and the reading vision on the 
tween the optic nerves. This hole was repaired by : 
reflecting a flap of dura from the wing of the \ M.A. reading card was 14/42. The 
sphenoid. The transnasal procedure done on Aug. visual field was contracted temporally, but a 
10 likewise is shown, indicating the method of 
nasopharynx. (Fig. 5). 


ce. of yellow cloudy fluid was aspirated, This On Aug. 10, 1955, a good-sized + oem 
action immediately decompressed the optic — made in the face of the right sphenoid 
mechanism and exposed both optic nerves, “I7US V'# a transnasal approach (Fig. 4). 
the chiasm and the pituitary gland. The Yellow cystic fluid escaped when the sinus 
was first entered. Some mucous membrane 
was removed. The dura which comprised 
the roof of the sphenoid appeared to be in- 
tact. 


pituitary fossa was composed of dural mem- 
brane without bony walls, as a result of 
continuation of the sphenoid cyst. An inci- 
sion was made in the dura anterior to the 
chiasm, and the sphenoid was entered. The After this procedure rhinorrhea did not 
contents of the cyst were completely develop, Headaches did not recur. Vision 
evacuated, and after considerable difficulty remained good in the right eye. On Jan, 28, 
we were able to obtain a portion of the 1957, the patient's ophthalmologist reported 
lining of the cyst, which consisted of that the vision of the patient was 20/20 in 
squamous epithelium. There was no evidence her right eye, with the use of glasses. The 
of a malignant process. To repair the inci- left eye remained blind, 
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Results of culture of specimens of the 
cystic fluid removed by the intracranial route 
were reported as negative for fungi, Myco- 
bacterium tuberculosis, the usual bacteria, 
and Brucella organisms. 


Comment 


The lesion in this case might be considered 
to be an unusual cyst of the hypophysial 
duet situated below the hypophysis, as re- 
ported by Dandy.’ It appeared to the sur- 
geon and pathologist, however, to be an 
inclusion cyst of the sinus without any gross 
resemblance to the usual Rathke’s pouch 
cyst or epidermoid tumor. Neither the lining 
of the cyst nor the fluid contents resembled 
those found in these two conditions. There 
was no solid tumor associated with the cyst 
described in this report. The pituitary gland 
appeared grossly to be intact. This lesion 
actually seems to represent an inflammatory 
squamous cyst of the sphenoid sinus which 
presumably developed as a consequence of 
inflammatory closure of the sphenoid os. 
Gradual expansion of the cyst eroded the 
sphenoid sinus in the region of the sella 
turcica and compressed the optic nerves and 
chiasm, resulting in almost complete blind- 
ness. Identification and radical removal of 


the lesion was accomplished intracranially, 
and the compression of the optic nerves and 
chiasm was relieved. The approach into 
the sphenoid sinus was repaired and allowed 
to heal sufficiently well to prevent subsequent 
rhinorrhea when the sinus was opened trans- 
nasally, The latter procedure was necessary 
to prevent the sphenoid sinus from again 
becoming denial refilling, and again caus- 
ing compression of the optic mechanism. 


Summary 


A patient who appeared to have an in- 
curable lesion of the sphenoid sinus, with 
secondary blindness, is reported upon. A 
benign cyst of the sphenoid sinus was eradi- 
cated by transcranial and transnasal opera- 
tion, and the recovery of vision was marked. 
It is presumed that the condition was thereby 
eliminated. The technical aspects and 
rationale of the operation are emphasized. 


Mayo Clinic. 
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For a number of years a special lens has 
been employed after operation for cataract. 
It gives fair vision to a number of aphakic 
patients, It can be used the day after opera- 
tion, but ordinarily it is given at the first 
posthospitalization visit of the patient to his 
ophthalmic surgeon. This lens has an addi- 
tional advantage in that it limits ocular 
rotation. It might therefore help forestall 
retinal separation and other postoperative 
complications. 


Description of the Lens 


The lens is 30 mm. in diameter and has 
a paper-thin edge. Its proximal curvature 
equals —6,00 D. sph, and its distal curvature 
equals +18.00 D. sph. Thus the effective 
refractive power of the lens is +12.00 D. 
sph. It fits readily on the outside of the 
patient’s owa glasses, which frequently have 
a base curve of +6.00 D. sph, 


Use of the Lens 


The lens is placed on the patient’s old 
glasses and fastened with six short strips 
of 1% in. cellophane (Scotch) tape, leaving 
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Clinical Notes, New Instruments and Techniques 


A Temporary Lens for Aphakia 


a central opening 15 to 20 mm. in diameter. 
The optical center of the lens is arranged in 
such a way that it is 2 mm. below the phys- 
ical center of the spectacle cell. 

With the use of this lens the patient can 
become accustomed to aphakie vision with- 
out a feeling that the final result has been 
reached, He is aware that this lens is tem- 
porary and preliminary and that future cor- 
rection of his aphakia will be much more 
satisfactory, 

Incidentally, when refracting for perma- 
nent correction it is well to compare the 
trial frame refraction with a refraction done 
over the temporary correction in the pa- 
tient’s own frame. 

Needless to say, this lens will not be 
helpful to a patient with a functioning 
fellow eye. It is of value, however, for the 
one-eyed aphakic or the patient with ad- 
vanced lenticular opacities or other pathol- 
ogy in his other eye. 


Summary 
A lens is described which gives some 
aphakic patients useful vision soon after 


operation. 
232 N. Sth St. 
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Vision Chart for the Ophthalmoscope 


EVERET H. WOOD, M.D., Madison, Wis. 


THNT CHANT - AMA RATING 


UPNESRDH 
CVOFEHS 
OCLCTR 
NATSYF 


EOBCD 


VEVP 
HTSC 
PER 


Fig. 1—The reduced chart, actual size. 


Ophthalmologists are ‘frequently called in 
consultation to see patients that are bed- 
ridden, and it is difficult to determine the 
extent of that patient’s visual acuity unless 
some special equipment is carried along for 
the purpose. Since vision is the primary 
reason for eyes in the first place, it is essen- 
tial in every eye examination that an estima- 
tion of the visual efficiency be made. 

Received for publication May 1, 1957. 

From the Department of Ophthalmology, Jack- 
son Clinic 


Fig 3.—Same as Figure 2, with chart in place 
within the sleeve 


Fig. 2.—Component parts. Left to right, 
ophthalmoscope handle, transparent plastic sleeve, 
reduced chart, ophthalmoscope head. 


In an attempt to provide a solution to the 
problem, the following simple device is 
offered. It consists of a reduced A. M. A. 
vision chart calculated to be read at 24 in., 
placed on the ophthalmoscope handle, and 
held in position by a transparent plastic 
sleeve. The chart then becomes a permanent 
part of the ophthalmoscope and provides an 
easily transported convenient method of de- 
termining vision. 

Recording of the results of this test can 
be made by the same basic method as is used 
for vision at 20 ft. Since the chart is re- 
duced to one-tenth the size of the standard 
Snellen chart, the recording can be ex- 
pressed as 2/2 for standard vision, or equiv- 
alent to 20/20; 2/2.5, equivalent to 20/25, 


Fig. 4.—Ophthalmoscope handle with sleeve and 
chart in place 
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and so on, in accordance with the usual 
method of recording vision. Notation that 
the reduced chart was used should be made. 
Presbyopic patients should have their 
presbyopic correction on, while younger 
patients can be tested both with and with- 
out correction, 

It is recognized that the exactness of this 
test leaves something to be desired. Never- 
theless, it does provide a much better and 


i Vi 0d 


measurable method of recording vision and 
will serve as a substitute for what many 
ophthalmologists now use, namely, having 
the patient read or try to read some passage 
from a newspaper or magazine or no at- 
tempt at all to estimate vision on bedridden 
patients. 

Welch, Allyn & Co. manufactured this device 
for me. 

Jackson Clinic, 30 S. Henry St. (3) 
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Leptospiral Uveitis 


G. E. ROWEN, M.D., Miles City, Mont. 


Leptospirosis is a spirochetal systemic 
disease with protean clinical manifestations. 
In the early phase of the disease the or- 
ganisms are blood-borne and are capable of 
lodging in any organ or organs, including 
the eye. Consequently, the multiplicity and 
and variation of signs and symptoms are 
determined by the system or systems in- 
volved, The most commonly known clinical 
entity related to this group of organisms 
is Weil’s disease, caused by Leptospira 
icterohaemorrhagiae, which has a predilec- 
tion for the liver. Although jaundice com- 
monly occurs, it is not a necessary component 
and is merely a manifestation of gross 
liver involvement, which is not present in 
the majority of cases. The incidence of 
jaundice varies, and in one series of 81 
patients no jaundice was reported.'* How- 
ever, it has been stated that there is no 
mortality unless jaundice is present.* 

The disease has a world-wide distribution, 
The incidence of this disease is higher in 
Europe than in the United States, although 
no widespread surveys have been conducted 
in the United States, probably because the 
serological test can be done only in a few 
laboratories in the United States. It reaches 
a peak incidence in the late summer, about 
September. The age group most commonly 
involved is between 20 and 50, with a pre- 
ponderance of males involved.* 

Epidemiologically, the rat is the most 
important carrier and excretes the organism 
in large quantities in the urine.” More 
recently it has been found that dogs, horses, 
and cows may harbor the organism.** It is 


Recorded for publication June 5, 1957. 
Material collected during ophthalmology resi- 
dency at University of Oregon Medical School. 
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proved to have caused outbreaks of abortion 
storms in cattle in the U.S. A.,?7 and there 
is strong serologic proof that it causes 
periodic ophthalmia in It has 
been recovered from the conjunctival secre- 
tion of animals*' and humans as well 
as from muscle biopsy specimens.*"! 
Experimentally, it has been shown that the 
organisms enter the body through the con- 
junctival sac.* The organisms also are known 
to enter via mucous membranes and skin 
abrasions. In the Netherlands it is stated 
that the disease is contracted by persons just 
falling into the canals.* In some unpublished 
data there is evidence in support of direct 
invasion of the eye.® The incidence is 
higher in certain occupations than in the 
general population. These occupations in- 
volve contact with unpurified water and ani- 
mals,*:?7 and included are dock workers, 
fishery workers, sewer workers, farmers, 
poultry producers, and slaughterhouse work- 
ers. However, a pet dog or cat may harbor 
the organism. 

Apparently Leptospira organisms are an 
important cause of uveitis in Europe and 
this uveitis may be susceptible to specific 
therapy. However, this etiology has re- 
ceived little attention in American literature. 
This may be due to either a low incidence or 
lack of awareness of the potentialities of this 
organism by American investigators. It is 
the purpose of this report to review the 
salient features of the ocular manifestation 
of leptospirosis and to present the presently 
known data of its occurrence in this country. 


l'rom a complete review of the American 
literature it is apparent that the leptospiral 
organisms account for a number of cases of 
uveitis every year. However, the true inci 
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dence of uveitis due to Leptospira cannot be 
determined from the papers reviewed in 
which the etiology of uveitis has been classi- 
fied. A number of patients were studied at 
the University of Oregon Medical School to 
determine whether the leptospiral organisms 
were responsible for any of the cases of 
uveitis seen in the ophthalmologic clinic. 
Although the number is not. statistically 
significant, they are herein reported. 
Twenty-five cases of all clinical types of 
uveitis were given agglutination tests for 
caniecla, L. icterohaemorrhagiae, and L. 
pomona. Two different blood samples were 
studied two weeks apart, and all studies 
were negative. Nine of these patients had 
agglutination tests on the cerebrospinal 
fluid, with no positive titers. During this 
same period 25 patients with jaundice 
secondary to hepatitis were checked, and 
none of these had a positive titration. The 
serum of a sick dog was sent in during this 
time, and it was strongly postive to L. 
canicola, Twelve of the twenty-five uveitis 
patients had aqueous cultures for leptospiral 
organisms, with no growth recorded. 

The reported incidence of iritis ac- 
companying leptospiroses ranged from 3% 
to 55%.**!24 The reported incidence of 
the iritis in Weil’s disease varies according 
te the organism involved, In one survey 
L. canicola was found to cause 11.5% of 
cases, whereas L.. pomona and L, grippoty- 
phosa caused 5% and 32%, respectively." 
Another reported 33% of cases with L. 
australis A, 14% with L. australis B, and 
10% with L. icterohaemorrhagiae.” There 
is no correlation between the species and 
the incidence of iritis or the severity of the 
infection, The relationship to the presence 
of jaundice is undetermined. Of 29 cases 
reported, 19 were without jaundice and 10 
were with jaundice. 

Iritis may occur weeks or months after 
all signs and symptoms of the general 
disease have been absent. Subclinical uveitis 
has been reported in a systematic examina- 
tion of patients recovering from the systemic 
disease.” 


Rowen 


Symptoms 

The onset of the uveitis is usually sudden. 
There is a ciliary flush, as in most cases of 
uveitis, which should not be confused with 
conjunctivitis, which commonly accompanies 
the disease. On biomicroscopy, pigmenta- 
tion of Descemet’s membrane has been re- 
ported.” A visible beam is almost always 
seen, accompanied by numerous cells. The 
keratic precipitates are described as fine- to 
medium-sized. White strands of fibrin ap- 
pear in the anterior chamber, and a yellow 
pupillary membrane peculiar to this type of 
uveitis may occur.’ Brown-gray nodules 
have been reported in the iris.” Posterior 
synechiae may or may not form. Vitreous 
haze is also reported occasionally.’ The 
fundus is sometimes involved with a peri- 
papillary edema. However, there is usually 
no retinal or posterior choroidal involve- 
ment,!*14 


Diagnosis 

In at least two different cases" the 
organisms have been cultured from the aque- 
ous, and one of these almost amounts to a 
human experiment. A doctor, while working 
with the organisms, accidentally splashed a 
culture into his eye. [leven days later the 
signs and symptoms of a systemic illness 
appeared, At this time, the organisms were 
cultured from his blood. Vifty-one days 
from the onset of the disease and _ thirty 
days after he had been symptom-free he 
had the onset of an iritis. The organisms 
were then cultured from the aqueous, Al- 
though the organisms were cultured from 
the eye at this time, no other systems were 
involved. 

During the febrile state (first four to 
five days) organisms are found in the blood 
and may be seen by dark-field examination 
or cultured.’ Positive dark fields have been 
found for three days after the fever has 
subsided. After this, there are agglutinins 
in the blood and the organisms may be cul- 
tured from the urine. If there are no ag- 
glutinins in the blood in 30 days, some other 
disease should be considered.* Agglutinins 
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have been found on the 105th day after the 
onset of the disease.” In those instances 
with central nervous system symptoms the 
organisms are frequently obtainable in the 
cerebrospinal fluid and agglutinins are also 
present.” These may be present in the 
cerebrospinal fluid five months after the 
onset of the illness. 


The diagnosis can be made by finding 
blood agglutinins. An agglutinin titer of 
1:300 or more is considered necessary to 
make the diagnosis.'*" This titer may re- 
main high for several years.”° Positive ag- 
glutinations have been recorded a number 
of times with titers varying from 1:30 to 
1:32 for the aqueous. At this same time 
the blood agglutinins may be 1:800. 


In two different specimens of aqueous 
the cells were predominately lymphocytic 
in type.” There have been no histological 
reports of the eye in the literature reviewed. 


Treatment 


The treatment for the disease is not defi- 
nitely established. For the iritis alone the 
usual method of cycloplegia and fever ther- 
apy seems to work.''6!® No report of use 
of cortisone topically was found. In a se- 
ries of 67 cases in Puetro Rico chloram- 
phenicol, chlortetracycline 


( Aureomycin ), 
penicillin, 


oxytetracycline 
(Terramycin), and cortisone were used in 
various combinations for the general dis- 
ease, and the conclusion was that none of 
these helped. The best treatment is believed 
by some to be whole blood transfusions re- 
ceived from recovered patients.?! 


streptomycin, 


Course 
The course is usually mild, with few 
sequelae." Hypopyon and plastic iritis 
with relapses have been reported. Japanese 
authors are said to have observed severe 
eye complications."* There was no follow-up 
study done on any of the cases reported 
in the literature reviewed. Of 23 iritis 
cases reported only 1 case is reported with 

decreased visual acuity.'® 
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Conclusion 


Leptospiral organisms are responsible for 
a significant number of cases of uveitis an- 
nually in Europe. The incidence of this dis- 
ease is unknown in the United States. This 
may be due to a lack of awareness of its 
existence by American ophthalmologists. 
Medical Arts Bldg. 
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Annual Reviews 


Neuro-Ophthalmology 


DONALD J. LYLE, M.D., Cincinnati 


In my effort to select from the literature 
of the past 12 months neuro-ophthalmologic 
material, and arrange it for easier documen- 
tation, some unintentional omissions of per- 
tinent subjects may have been made. Some 
literature, mostly foreign, antedating the 
period covered by this review, but not avail- 
able for the previous review, is included. 
On the other hand, there may be some dupli- 
cation as reviewers of other phases of 
ophthalmology have presented or will pre- 
sent some of the same material because of 
overlapping subjects. I have endeavored to 
present material when it provides a com- 
prehensive review or thorough study and 
lucid presentation, especially if it is thought- 
provoking. Individual case reports, if they 
do not provide new concepts, have been 
omitted. 


Papilledema 


The study of the underlying causes pro- 
ducing choked dise is of perennial interest. 
Some believe the matter settled, but I for 
one am not quite sure that all of the answers 
are in. There are a number of conditions 
capable of disturbing the metabolism of the 
papilla, which, because of its water-binding 
proclivity, may swell to considerable amount. 
Not infrequently one is asked to give his 
opinion on the state of the papilla. He sees 
a dise with feathery outline and slight ven- 
ous engorgement with one or two hemor- 
rhages at the disc margin or in the adjacent 
retina, Elevation of the papilla is question- 
able. Is this beginning papilledema ? 

This topic is extremely well presented in 
Bregeat’s' book, wherein he discusses the 
anatomy and physiology of the papilla and 
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describes the types of papilledema, supported 
by clinical studies. Niedermeier® experi- 
mentally investigated the pathogenesis of 
papilledema, which he produced in animals 
by intradural injection. He concludes that 
papilledema develops as a local process, not 
as an extension of cerebral edema. Francois, 
Verriest, and Beheyt* discuss the diagnosis 
between papillitis and papilledema, stressing 
the value of visual fields in their differentia- 
tion. 

Martelli * reviews the literature of Foster 
Kennedy syndrome and reports a case of 
vascular origin confirmed by angiography 
and craniotomy. Frezzotti® discusses the 
localizing value of Foster Kennedy syn- 
drome and cites a case of the inverted syn- 
drome. This article is succinctly discussed 
by Henderson. 

False, or pseudo, choked dise is the subject 
of a paper by Marquart,® who describes the 
appearance of the dise in 18 cases, chiefly 
of refractive anomalies, drusen, and vascular 
lesions. To this, | believe, should be added 
persistent developmental remnants at the 
dise. 

Merkulov * caused choked disc to disap- 
pear, by dehydration and promotion of 
absorption with use of Biochinol, in five 
cases of intracranial tumor proven at au- 
topsy. Temporary reduction of brain swell- 
ing may aid in diagnosis and localization, 
but this procedure should be condemned as 
a means of treatment. 


The Optic Nerve 
In an article on the present status of optic 
atrophy Henderson * urges investigation of 
the cause, even though vision is irreparably 
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lost, as the process, if allowed to remain, 
may damage other structures and jeopardize 
life. This admonition should be emphasized. 

Ferreira® reviews the literature of optic 
atrophy and describes the differences be- 
tween so-called primary and secondary types. 

A syndrome found in hereditary infantile 
optic atrophy with dominant transmission 
is described by Kjer,"” who studied 20 fami- 
lies, in which this condition affected 249 
members, 

Helmick '! reports a case of tabetic optic 
atrophy and discusses treatment of this 
condition. He states, in brief, that heavy 
metals slow the process but do not prevent 
ultimate blindness. Malarial treatment may 
be of value. At present, penicillin, in large 
doses, is by far the best therapeutic agent. 
It should be administered early to prevent 
optic atrophy. Favre presents a case of 
syphilitic perineuritis of the optic nerve, in 
which he emphasizes earlier and better diag- 
nosis for curative treatment. 

Two articles on optic neuritis during lac- 
tation appear in the current literature. One 
is by Nonenmacher,"* who describes the 
symptoms in two patients; the other, by 
Pflieger,’* who suggests endocrine disturb- 
ances and autointoxication as causative fac- 
tors. No mention was made in either of 
these articles of tests to determine the 
calcium level or parathyroid function. | 
believe that these are the essential causes 
of this condition. 

Trauma to the optic nerve is discussed by 
Brandle,*®> who states that post-traumatic 
atrophy appears during the second to fourth 
week in 85% of the cases. Fifty-seven 
patients were reported. Wolter and Liss '* 
describe histopathologic changes in the optic 
nerve produced by indirect compression, 
reporting two cases. The pressure resulted 
in astrocytic hypertrophy and proliferation 
and finally degeneration with connective 
tissue replacement. 

In an article discussing preretinal and 
optic nerve sheath hemorrhage in the pres- 
ence of subarachnoid bleeding, Smith, 
Kearns, and Sayre’ confirm the present 


Lyle 


opinion that intraocular and optic nerve 
sheath hemorrhages do not arise from nerve 
sheath extension from concurrent subarach- 
noid hemorrhage but occur as separate and 
independent hemorrhages, probably as the 
result of increased venous pressure result- 
ing from sudden increased intracranial pres- 
sure, 


Blood Supply to the Visual System 

The blood supply to the visual system is 
receiving further study. Francois, Neetens, 
and Colette '* continue to provide us with 
the products of their painstaking work in 
their fourth report, the vascularization of 
the optic pathway, the optic tract, and the 
lateral geniculate body. They found from 
injected specimens that the chiasm is sup- 
plied chiefly by the anterior carotids, anterior 
cerebrals, and anterior communicating ar- 
teries. Irancois* describes an anterior 
chiasmal artery, found in about one-third of 
the material examined, arising from the 
anterior communicating artery passing to 
the optic chiasm. Brodie Hughes * calls at- 
tention to lateral chiasmal arteries, first 
described by Dawson, arising from the in- 
ternal carotids and passing to the optic 
chiasm. Frangois continues the study with 
the report that the optic tract receives its 
supply from both the anterior choroidal and 
posterior communicating arteries. The ex- 
ternal geniculate body is supplied chiefly by 
the posterior cerebral and less by the an- 
terior choroidal arteries, 

Steele and Blunt’ provide an elaborate 
demonstration of the vascular anatomy and 
the blood supply to the optic nerve and 
chiasm in man. Shea*® describes the 
anastomoses between the external and in- 
ternal carotid systems. Remky*! reports 
his experimental work on the adjustment of 
the cerebral circulation to normal exertion 
as seen through observation in changes in 
the retinal circulation, with the use of the 
Bailliart ophthalmodynamometer, 

Rezanov ** describes the role of the cen- 
tral nervous system through observance of 


* Personal communication to the author. 
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the permeability of the vessels of the eye. 
He noted that depressants and stimulants 
of the nervous system affected permeability 
of the ocular vessels, possibly through 
trigeminal or neurohumoral mechanism. 

Alexander ** makes an important contribu- 
tion regarding the association of the visual 
functions and the aphasias in vascular 
lesions affecting the visual pathways. He 
found homonymous hemianopsia associated 
with other functional changes, either stimu- 
lative or destructive, which, considered to- 
gether, localize the lesion. Affections of the 
temporal isthmus and temporal lobes are 
discussed in detail. The study of vascular 
lesions, their diagnosis, and their localization 
has been greatly aided by angiography. 
Erausquin, Oribe, and Zimman,** empha- 
sizing the diagnostic importance of cerebral 
angiography in ophthalmological syndromes, 
review the literature and the 
anatomy and technique, 


describe 


With improved technique, and better un- 
derstanding of the vascular anatomy and 
circulation, reports of serious consequences 
of angiography are rarely found. Fink*® 
describes a patient who developed sudden 
transient hemiplegia and blindness with 
confabulation and disorientation. These 
symptoms, comprising Anton’s syndrome, 
are found in patients with cortical degenera- 
tion, the so-called cerebral blindness usually 
produced by various sclerosing processes. 


Aneurysms 


From an intensive study of 119 cases of 
intracranial arterial aneurysms, with special 
reference to the ocular findings, Hender- 
son has assembled statistics. The age 
group lies between 31 and 50; the sexes 
are equal; caudal aneurysms are five times 
as frequent as rostral; most cases showed 
evidence of subarachnoid hemorrhage. 
Arteriography established the diagnosis in 
94.5% of the cases. Retinal and subhyaloid 
hemorrhages were found with subarachnoid 
hemorrhages, frequently with papilledema. 
Oculomotor paralysis was another rather 
constant symptom. 
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Minton *7 discusses intracranial aneurysms 
of the internal carotid and cerebral arteries 
and presents a detailed report of five pa- 
tients. Gallagher, Dorsey, Stefanini, and 
Looney ** present a case report, a rare oc- 
currence of a large intracranial aneurysm 
producing hypopituitarism and the frontal 
lobe syndrome, The second, third, fourth, 
and sixth nerves were involved. The au- 
thors state that this is the first case reported 
in which the symptoms of hypopituitarism, 
hypogonadism, and hypothyroidism were 
found, 

Manghi and Saginario,” in a study of 11 
cases of intracranial aneurysm, found an 
isolated third-nerve paralysis in about one- 
third of the cases. Reporting on 75 patients 
with aneurysm arising at the internal caro- 
tid-posterior communicating artery junction, 
Harris and Udvarhelyi® found 25 with 
oculomotor paralysis. Their angiographic 
studies are described together with the 
symptoms and treatment. 

Lincoff 
headache 


and Cogan *! write of unilateral 
and oculomotor paralysis not 
caused by aneurysm. Rand * studied retinal 
arterial pressure in the presence of cervical 
carotid artery occlusion in the treatment of 
cerebral aneurysms. From his studies he 
concludes that a decrease in retinal arterial 
pressure is a direct indicator of reduced 
carotid circulation. He believes that if 
retinal arterial pressure drops 50% or less 
the prognosis is grave. 

Erdbrink * studied a case of subclinoid 
aneurysm of the internal carotid artery with 
the diagnostic aid of angiography. The 
lesion was located in the posterior portion 
of the cavernous sinus, involving the sixth 
nerve. [Ditemporal field loss was found, and 
there was contralateral numbness in the up- 
per extremity. 

The syndrome of so-called pseudoglau- 
coma in a patient with intracranial arterial 
aneurysm is described by Quintieri.** This 
patient had normal intraocular pressure with 
cupped and pale papilla, bilateral nasal field 


loss, and central scotoma. An angiogram 
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revealed bilateral aneurysmal dilation of the 
carotid arteries, 

The anatomy of the middle fossa in 
relation to the cavernous sinus and chiasmal 
cistern is discussed by Taptas,*® who pre- 
sents his views of pathology in that area. 
Walker and Allegre review the history 
and symptomatology of carotid-cavernous 
fistulae and report 24 cases treated sur- 
gically. The syndrome of pulsating exoph- 
thalmos, bruit audible to both patient and 
examiner, and, less frequently, ocular 
produced by trauma, ruptured 
aneurysm, and congenital anomaly is dis- 
cussed. Serfling and Parnitzke ** describe 
the anatomy, etiology, symptomatology, 
diagnosis, and treatment of arteriovenous 
fistulae. They found a very few cases re- 
sulting from arteriosclerosis and syphilis. 


pareses 


Vascular Occlusion 


One must consider the possibility of 
thrombosis of the internal carotid artery, as 
stated by Nielsen,®** in all cases of transient 
aphasia or hemoplegia, in all cases of in- 
termittent amaurosis with findings of oph- 
thalmic artery occlusion, in all cases of neck 
trauma, and in arteriosclerosis of various 
types. Korbin ® cites two cases of throm- 
bosis of the internal carotid artery in the 
neck confirmed by angiograms, with 
homonymous hemianopsia and bouts of 
numbness, 

In addition to angiography, determination 
of retinal arterial pressure is being more 
frequently reported as aid in the diagnosis 
of carotid artery occlusion. This is dis- 
cussed by Heyman, Karp, and Bloor.” 
Retinal dynamometry and provoked ob- 
struction in a case of carotid thrombosis 
with delayed symptomatology is described 
in a patient by Bronner and Heinrich." 

Cranial bruit associated with occlusion of 
the internal carotid artery best heard by 
listening over the contralateral eyeball is a 
very useful diagnostic sign according to the 
study of Fisher,4? who attributes this to 
increased circulation in the remaining patent 
artery. 


Lyle 


The anatomical structure of the cavernous 
sinus is described in detail by Taptas.™ 


Orbital decompression for aseptic cavernous 
sinus thrombosis to prevent optic atrophy, 
proptosis, and ophthalmoplegia due to venous 
obstruction and orbital pressure is discussed 
by Kaiser. 

Diagnosis, treatment, and complications 
of cavernous sinus thrombophlebitis are dis- 
cussed by Taylor.** The causative agent in 
two cases reported was Microceus pyogenes 
var. aureus (Staphylococcus aureus). The 
recommended is penicillin and 
anticoagulants. 


treatment 


Homonymous hemianopsia following 
division of the parieto-occipital vein is 
described in three cases by Welch. He 
states that the recovery of the lost field 
is expected through collateral circulation, 
which occurred in the two patients who 
survived. 

The syndrome of vertebral artery com- 
pression or occlusion consisting of pain in 
back of the neck or occipital region, vertigo, 
and nystagmus is discussed by Tatlow and 


Cortical Lesions 
Ittlinger *? discusses sensory deficits in 
visual agnosia, reporting 30 cases. The re- 
sults do not support the view that agnostic 
conditions are secondary to defective visual 
sensory discrimination. Nielsen and 
Carnes ** report a patient with visual 
agnosia for inanimate objects produced by a 
left-sided vascular lesion. There was also 
finger agnosia and disturbance of body 
scheme. A lower right quadrantanopsia was 
present. The presence of agraphia and 
astereognosis indicated a parietal lobe lesion. 
Drew * gives a neurologic appraisal of 
familial congenital word-blindness and con- 
cludes that a defect in recognition may be 
due to delayed development of the parietal 
lobe. The subject is thoroughly reviewed. 
The parietal lobe syndrome is described 
by Selby,” in which the adjacent occipital 
and temporal lobes are also involved with 
production of visual hallucinations, homon- 
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ymous field loss, and visual psychic dis- 
turbances. 

Benton *' states that early symptoms of 
the Gerstmann syndrome ( parieto-occipital 
syndrome) produce visual disorientation 
from involvement of the higher visual cen- 
ters of the posterior parietal and bordering 
occipital lobe. The symptoms are finger 
agnosia, spacial disorientation, dysgraphia, 
dysealeula, dyspraxia, color agnosia, and 
visual agnosia. 

The psychologic significance of visual 
auras is described in a study of three cases 
of brain damage with seizures by Beck and 
Guthrie."* They state that visual aura, in a 
sense, is analogous to dream content and is 
not a manifestation of occipital or frontal 
lobe lesions. 

A differential diagnosis between hysteria 
and malingering is described by Lincoff and 
in a psychiatric study. Bellavia 
presents a patient with ocular hysteria with 
absolute mydriasis, absence of pupil reflexes, 
and loss of accommodation. 


Visual Fields 

Harrington ™ has produced an excellent 
book on visual fields, well presented and 
beautifully illustrated, a valuable study and 
reference. An editorial of interest on the 
evolution of clinical perimetry is written by 
Lebensohn.™ Fields and functional disease 
are discussed by Linhart,®7 who presents 
well-documented of neuroses and 
hysteria and their relation to mental stress 
in mental cases with ocular symptoms. 

Diez and Androgrie ™ discuss altitudinal 
(horizontal) hemianopia and enumerate the 
causes and location of the lesions from a 
study of 24 cases. 

Kleven patients were examined and visual 
fields were reported by Glees and Zielinski," 
who found 
arachnoiditis, 


cases 


scotomata in optochiasmatic 
adenoma of the pituitary, 
parasellar meningioma, and epidermoid of 


the third ventricle. 


Ocular Muscles 
Cogan’s™ second edition of “Neurology 
of the Ocular Muscles” is an excellent am- 
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plification of his first valuable edition, with 
added chapters on myopathies and discus- 
sion of new investigations. 

In an article on the physiological basis 
of sensory fusion Ronne ™ states that inte- 
gration of visual images takes place in the 
occipital cortex. Stereopsis, integration of 
disparate impulses, and retinal rivalry are 
products of this area. 

Keiner,®** in a paper on physiology and 
pathology of the optomotor reflexes, dis- 
cusses their development and disturbances 
affecting them and describes various types of 
strabismus, disorders of conjugate reflexes, 
and types of nystagmus. It is worth while 
reading Adler’s discussion of this presenta- 
tion, which appears at the end of the article. 

Disturbance of ocular motility in relation 
to supranuclear lesions is discussed by 
Tour,®* who describes version and disjunc- 
tive action and the effect of lesions produc- 
ing various symptoms and syndromes. 

From his intensive study, Warwick “ 
describes the organization of the oculomotor, 
trochlear, and abducens nerves regarding 
their muscular innervations. He finds a 
difference from the usually accepted opinion 
in the innervation of the third nerve. He 
further states that Perlia’s nucleus is not a 
convergence center. He finds the parasym- 
pathetic pathway to be the same as described 
by other investigators. 

Rucker, Dyer, Smith, and Taub ® discuss 
ocular muscle paralysis from a large source 
of material, consisting of 653 cases. The 
series is large enough to provide statistical 
data. rom a statistical review and analysis 
of 604 cases, Sanna “ discusses the etiology 
and frequency of external ocular paralysis, 
finding congenital causes and infection more 
frequently in childhood; trauma, in middle 
life, and tumors and vascular affections, in 
the aged. 

McAuley“ finds progressive external 
ophthalmolplegia, apparently with hereditary 
tendency, to be a part of generalized pro- 
gressive muscular dystrophy. He 
four cases. 
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Disturbance of eye movements as a 
neurologic problem is discussed by List,** 
who describes infranuclear, internuclear, and 
supranuclear oculogyric function and dys- 
function of version, vergence, and duction. 

In an article on vascular phenomena in- 
volving brain stem structures, Fang and 
Palmer ® describe conjugate gaze palsies 
and visual impairment in occlusion of the 
basilar artery. Four of unilateral 
internuclear ophthalmoplegia of vascular ori- 
gin are described by Fine and MacGlas- 
han,” who agree with the predominating 
opinion of anterior and posterior types. 
Hedges and Adler ™ present three cases of 
brain stem lesions with oculomotor mani- 
festation produced by internuclear ophthal- 
moplegia. 


Continuing the contribution to their study 
of eye movement responses, Westheimer and 
Mitchell,”* having formerly discussed con- 
jugate movements, present their studies of 
disjunctive eye movements (vergence) with 
photographic recording. Alpern and Wol- 
ter ™ discuss the relation of horizontal sac- 
cadic and vergence movements and present 
the concept that the final common pathway 
for vergence movements courses along thin 
autonomic nerve fibers and that for saccadic 
(jerk) movements, thick 
nerve fibers. 


along somatic 

A discussion of congenital ocular motor 
apraxia is presented by Reed and Israels.” 
The condition consists of normal vertical 
conjugate eye movements with impaired 
lateral movements, with head jerking in the 
direction of the intended object of gaze, 
the eyes rotating to the opposite side. With 
a report of three cases, Lewis ™ describes 
the syndrome of hereditary congenital 
ophthalmoplegia consisting of bilateral pto- 
sis, absence of vertical eye movements, and 
marked reduction or absence of horizontal 
movements. 


Volk and Bruell*® describe eye move- 
ments in a patient with cerebral hemi- 
spherectomy. They conclude that there is 
definite evidence that voluntary (and re- 
flex) eye movements in all directions, as 
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well as convergence, are possible with only 
one functioning cerebral hemisphere. 

A clinical contribution to the study of 
recurrent and alternating external ophthal- 
moplegia is provided by Mannironi and 
Toselli.77 Their studies with EEG show 
rapid rhythms which characterize tumors of 
the lower brain stem through activated 
oculogyric nuclei or tracts. 

The effect of alcohol on the motor fusion 
reserves and stereopsis as well as on the 
tendency to produce nystagmus is discussed 
by Seedorff."* There is a marked difference 
of tolerance, but all subjects showed de- 
terioration of motor and sensory function, 

McCarthy ™ describes ocular and palatal 
myoclonus and presents a case. He states 
that the myoclonic triangle includes the in- 
ferior olive nuclei, dentate nuclei, central 
trigeminal tracts, and cerebellar peduncles. 
Stimulation of this area produces myclonic 
movements in which ocular movements par- 
ticipate. 

Ocular nerve paralysis with headache is 
described by Jackson,” with a report of four 
cases, and by Harris-Jones,*' who reports 
three cases. In a discussion of unilateral 
headache and oculomotor paralysis Lincoff 
and Cogan ** enumerate and describe various 
causes, which include diabetes, paraclinoid 
tumors, leukemia, and ophthalmoplegic mi- 
graine. Dreyfus, Hakim, and Adams * 
suggest that the cause of diabetic ophthalmo- 
plegia may be the occlusion of the nutrient 
blood supply to the nerve. 

The genesis of pathological associated 
movements after paralysis of the facial and 
oculomotor nerve is discussed by Leon- 
hard.** He rejects the theory of misdirected 
fibers. Jain *® writes on abnormal lid re- 
traction, citing nine cases, most frequently 
of congenital origin, A book by a number 
of contributors on regeneration of the cen- 
tral nervous system has been edited by Win- 
dle.** In their investigation it was found 
that in both animals and man regeneration 
can definitely occur, and this statement is 
supported by an excellent presentation. 
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Rowland and Kskenazi*? review 39 fatal 
cases of myasthenia gravis, including a case 
of almost complete ophthalmoplegia. These 
patients responded to edrophonium (Ten- 
silon) and neostigmine and showed marked 
sensitivity to curare. The rare condition 
of congenital myasthenia gravis with oph- 
thelmoplegia is presented by Heinzen and 
The authors recommend neo- 
stigmine (Prostigmin) tests for all cases of 
congenital ptosis and external ophthalmo- 
plegia. 

Inquires into the physiology of optokinetic 
nystagmus are the subject of an article by 
Mackensen.*” He states that changes in the 
form of the oscillation are dependent on the 
velocity of the stimulus. Tests were made 
at various speeds. Enoksson® discusses 
optokinetic nystagmus in brain lesions. He 
finds normal reaction in lesions of the optic 
nerve and chiasm. Lesions of the cerebral 
hemisphere frequently produce decrease of 
nystagmus, or perhaps irregular nystagmus, 
on rotation toward the side of the lesion. In 
lesions of the posterior cranial fossa nystag- 
mus is reduced, with the rotation away from 
the side of the lesion, Optokinetic nystag- 
mus may be of value in locating the laterality 
of the lesion. Unger discusses behavior 
of optokinetic nystagmus in psychogenic 
visual disturbances. He supports Bing’s 
view that hysterical reactions at organically 
or functionally grounded pathways may in- 
terfere with the production of optokinetic 
nystagmus, This may serve as a test to 
differentiate between hysteria and malinger- 
ing. 

Aschan, Bergstedt, Goldberg, and Lau- 
rell ®™ suggest vestibular origin for alcoholic 
positional nystagmus. 


The Pupils 


The Argyll Robertson pupillary syndrome 
is described by Lowenstein,”* who enumer- 
ates the various sites which have been sug- 
gested for the location of the lesion. He 
suggests that the lesion is in the prenuclear 
afferent pupil are in the vicinity of the 
oculomotor nucleus. Lowenstein ® also, in 
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another article, details his pupillographic 
studies of dark-adapted patients with Argyll 
Robertson syndrome and related pupillary 
disorders. These conditions are character- 
ized by miosis from damage to the sym- 
pathetic pupillary fibers and supranuclear 
pathways ending in Edinger Westphal’s 
nucleus and from parasympathetic spasm. 

Pupillary changes in the Holmes-Adie 
syndrome is described by Russell,”° who 
presents four cases. He believes that the 
main defect is due to parasympathetic de- 
nervation, the sympathetic remaining intact, 
and locates the lesion in the efferent 
parasympathetic pathway, probably postgan- 
glionic. He suggests two types, parasym- 
pathetic and tonic. Cristini * believes that 
the lesion of Adie’s syndrome is ciliary 
ganglionitis. He describes cases to support 
his view. 

Following a phrenic crush with damage 
to the sympathetic nervous system Horner's 
syndrome was produced. This case is de- 
scribed by Chatterjee.*? Eurico Ferreira and 
Alves Sampaio®* review the history of 
Horner’s syndrome and present cases. 


Autonomic Nervous System 


rey ” furnishes us with new anatomical 
data on the phylogenetic aspects of visual 
function with the report of his study of the 
association of the hypothalmus and visual 
system in animals and humans. He describes 
nuclear vegetative centers and nerve fiber 
paths coursing in the optic nerves, chiasm, 
and tracts. The degenerative changes result- 
ing from enucleation are described. Ex- 
perimental aspects of nervous control of the 
ocular circulation and intraocular pressure 
are presented by Perkins.’ The investiga- 
tion suggests definite sympathetic (dience- 
phalic) control of ocular circulation, which 
influences aqueous formation. Sensory 
(fifth nerve) stimulation also seemed to 
have some similar influence. Third and 
seventh nerve stimulation did not result in 
altered intraocular tension or 
changes in the eye. 


vascular 


Vol. 58, Now., 1957 


NEURO-OPHTHALMOLOGY 


Further studies associating diencephalic 
function and lesions with intraocular tension 
and glaucoma are reported. Thalamocortical 
pathogenesis of glaucoma is discussed by 
Radovici,'’"' who supports Magitot’s con- 
ception. He enumerates the mechanical, vas- 
cular, and neurohumeral theories. Marty 1” 
describes the relation between glaucoma and 
hypophyseal adenomata. There was mention 
of pseudoglaucoma or low-tension glaucoma, 
the ophthalmoscopic appearance of the pa- 
pilla showing pallor and cupping. Visual 
fields and x-rays should be of aid in estab- 
lishing the proper diagnosis but are not 
always. Lowenstein ™* speaks of the dien- 
cephalon and primary glaucoma, in which he 
believes there is a characteristic pupillary 
syndrome. Cavka'* reviews the literature 
and discusses the frontal and diencephalic 
regulating center in glaucoma. Encephalo- 
graphic ventriculographic studies 
showed atrophy of cerebral structures. The 
author suggests inflammation or intoxication 
leading to atrophy in the frontal diencephalic 
structures, which affects the neurovegative 
system, with the production of glaucoma. 

Autonomic dysfunction producing ocular 
manifestations of the Riley-Day syndrome 
includes corneal involvement of varying 
severity with absence of psychic tearing. 
This affection was discussed by  Lieb- 
man.'* It appears to me that the so-called 
trophic innervation of the cornea is dis- 
turbed together with autonomic influence of 
lacrimation, 


Facial Nerve 


Discussing ocular considerations in facial 
paralysis, Cowan’ reviews the anatomy 
and classification of types of involvement, 
with suggested treatment. Sprofkin and 
Hillman present two patients with 
Moebius’ syndrome (congenital oculofacial 
paralysis). They concur in the prevailing 
belief that nuclear hypoplasia, as the causa- 
tive factor, is most plausible. 

Electrophysiologic and clinical observa- 
tions in hemifacial spasm are presented by 
Weil and Nosik,?® who report eight cases. 
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They state hemifacial spasm resulting from 
cortical irritation is uncommon. It is more 
frequently found with lesions of the facial 
nucleus or its branches, showing a charac- 
teristic electromyographic pattern. How- 
ever, the site of greatest clinical disturbance 
does not always correspond with that of the 
electromyographic disturbance. Hemifacial 
spasm of psychogenic nature (habit spasm) 
is the most frequent type. It may be uni- 
lateral or bilateral and can be abolished by 
intravenous sodium Amytal. In this type 
the electromyographic charts are identical 
with those found with normal voluntary 
movements. 

Electromyography is a tool, according to 
Breinin,’” in ocular and neurologic diag- 
nosis. It may aid in differentiating between 
myasthenia gravis, extraocular muscle pa- 
ralysis, nuclear ophthalmoplegia, and nys- 
tagmus, 


Trigeminal Nerve 


Raeder’s paratrigeminal syndrome, ac- 
cording to the original description, consists 
of a lesion in a circumscribed area contain- 
ing the sympathetic nerve to the ocular 
structures, the damage to which produces 
Horner’s syndrome. In addition, the cranial 
nerves to the eye and orbit and the trigem- 
inal nerve are involved, with damage to 
the latter, producing sensory disturbances. 
Klingon |’ questions the use of the term 
paratrigeminal, especially its localization in 
a relatively small area. He presents a case 
and reviews the literature. 

Bonnet |! speaks of the trigeminal sym- 
pathetic syndrome, trigeminal sympathetic 
neuralgia, and the cavernous syndrome. 

Observations on the pain and _ trigger 
mechanism in trigeminal neuralgia are made 
by Crue, Shelden, Pudenz, and Freshwa- 
This article on tic douloureux 
describes posterior root compression treat- 
ment as well as decompression and reports 
eight cases operated upon with relief and 
with no recurrence or complications. 
Taarnhoj ' speaks of trigeminal neuralgia 
and decompression of the trigeminal root 
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for its relief. Decompression and compres- 
sion operations for trigeminal neuralgia are 
discussed by Behrman and Knight.'"* They 
observed that postoperative herpes was not 
noted in the ophthalmic division and, while 
recurrent herpes simplex on rare occasions 
involved all three divisions of the trigem- 
inus, the two were af- 
fected much more frequently than the 
ophthamic. If the ophthalmic division was 
involved, the cornea was usually affected. 

In my experience, the cornea is always 
affected immediately following trigeminal 
surgery of any type when the ophthalmic 
or maxillary divisions are implicated. This 
is evidenced by the hazy corneal epithelium 
seen with the biomicroscope and the stain- 
ing throughout with fluorescein. The con- 
dition gradually disappears, usually in the 
course of hours or days, excepting on rare 
oceasions when so-called trophic disturb- 
ances continue, 


lower divisions 


Gamazo-Ferdinandez and Ignacio-Valen- 
tin ''® review the literature of ophthalmic 
migraine and describe the etiology, symp- 
toms, diagnosis, and treatment. Roentgeno- 
graphic findings in trigeminal neuralgia are 
deseribed by Gardner and Todd.""* 

Perkins,''* stimulating the trigeminal 
nerve in rabbits, found that the pupil con- 
tracts, there is a rise in temperature of the 
ciliary region, and there is a rise in intra- 
ocular pressure, with increase of aqueous 
protein. Sectioning gives the 


im- 
mediate effects. 


same 


Demyelinating Diseases 

A survey of Devic’s disease is made by 
Wagner.''® He describes the symptoms of 
pain behind the eye; rapid loss of vision; 
dilated, frequently fixed, pupils, and slight 
papilledema. Two are reported. 
Keefe and Trowbridge ' discuss neuro- 
myelitis optica with increased intracranial 
pressure, which is rarely found, 


cases 


Orban '° presents data concerning opthal- 
moscopic changes and other symptoms of 
multiple sclerosis. He found sheathing of 
the retinal veins in 400% of the cases and 
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believes that this condition is analogous to 
sheathing of cerebral vessels. Low and 
Carter write of multiple sclerosis in 
children, describing typical cases confirmed 
at necropsy. Seven cases were reported. The 
predominating symptoms were third nerve 
paralysis, retrobulbar neuritis with diplopia, 
and reduction or loss of vision. 


Infections 

A review of optochiasmatic arachnoiditis 
is presented by Sonntag,'** who discusses 
symptoms, prognosis, and treatment. Prompt 
surgical intervention is urged. The ophthal- 
mologic findings are discussed by Nie- 
beling,’** with the report of 16 cases 
surgically verified. Perez-Llorca and Lopez- 
Porrua '** review the subject of optochias- 
matic arachnoiditis and present a case with 
binasal hemianopia relieved by surgery. A 
differentiation between optochiasmatic arach- 
noiditis and Leber’s disease with a report 
of four cases and review of the literature is 
presented by Scassellati Sforzolini.'*® 

Marin Amat '*° discusses the ocular mani- 
festations in 100 cases of tuberculous men- 
ingitis, with a classification of symptoms. 
Fundus changes were seen in all. Pupil 
action and extraocular motility are discussed. 
Alajmo '** believes that changes in the pa- 
pilla as mainfested by edema, congestion, 
and atrophy in the presence of miliary 
choroidal tubercles may be due either to 
direct involvement of the optic nerve or, 
indirectly, to optochiasmatic arachnoiditis. 
Diagnosis and treatment are discussed. 

Transient glaucoma in viral encephalitis 
with diencephalic lesions is reported by 
Krieger and Feigen,'** citing a patient who 
developed acute intraocular hypertension 
with encephalitis. They suggest that this 
may point to the diencephalon as a control 
area for intraocular tension. 

Stephens and Welch '** describe a patient 
with retinal vascular thrombosis in the 
presence of subdural abscess. This is in 
line with previously described cortical vas- 


cular thromboses produced by subdural ab- 
scess. 
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Homonymous hemianopsia after carbon 
monoxide intoxication is described by Danis 
and Toussaint.” 

Potts ™! talks of the toxic amblyopias 
and believes, in view of recent investigation, 
that the term is not correct and should not 
be used. He believes that most toxic condi- 
tions are due to acidosis, anorexia, and other 
metabolic and nutritional disorders. 


Tumors 


Tumors of the optic papillae are discussed 
and classified by Wagener.** Although it 
bears only occasionally on intracranial asso- 
ciations, this excellent review should not be 
overlooked. | Gramberg-Danielsen ™* 
tempts to classify the morbid anatomy of 
primary tumors of the optic nerve in a 
similar manner to that of brain tumors. 

A review of gliomas of the optic nerve 
is presented by Hanbery,'** who states that 
90% of the cases occur before the age of 
20. The prognosis is good if there is no 
intracranial extension. One must consider 
the association of neurofibroma and aplasia 
of the orbital bone as possibly accompany- 
ing conditions. Slade and Weekley 
describe glioma of the: optic tract, which is 
rarely reported, 

The value of radiation therapy in the 
management of glioma of the optic nerves 
and chiasm is discussed by Taveras, Mount, 
and Wood.'** They state that the results 
are good, with possibility of retention and 
even improvement of vision, They suggest 
surgery for diagnosis and relief of cere- 
brospinal fluid obstruction. 

Meningioma (dural endothelioma) of the 
optic tract is by Dunn and 
Walsh,'** who comment upon its slow 
growth, absence of interference with orbital 
movement, and enlargement of the optic 
foramen, which is not necessarily present. 
Razumikhina '** patient with 
meningioma of the optic nerve with rare 
extension into the dise. 


discussed 


presents a 


An unusual cause 
of visual loss produced by meningioma in 
both optic foramina is discussed by Petr and 
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Sercl." A child aged 3 years having a 
primary meningioma in the orbit with in- 
vasion of the optic nerve is reported by 
Martin and Schofield." 

Grant and Heges ! describe ocular find- 
ings in meningiomas of the tuberculum sel- 
lae. They review the literature and the study 
of 30 cases in which visual symptoms were 
the initial and most important observations. 
Slow progressive loss of vision with optic 
atrophy is characteristic. Papilledema is not 
present. X-rays may be negative. Arteri- 
ography may be of aid. 

A book by Huber '? on ocular symptoms 
in cerebral tumors is well worth reading. 
It is replete with interesting clinical cases. 
Bonnet * writes on ophthalmological signs 
of cerebral tumors and emphasizes the neces- 
sity of visual field study. He discusses 
lesions of the optic pathways and types of 
ocular palsies. Kroll’ stresses the im- 
portance of ocular signs in the diagnosis of 
brain tumors and discusses 125 cases. 

The ocular signs of tumors involving the 
anterior visual pathways were enumerated 
by Walsh.'*° He describes intrinsic and 
extrinsic tumors of the optic nerve and 
chiasm according to type, with case reports 
of clinical examination and laboratory find- 
ings. Grovall and Silver report on a 
series of 167 cases of intracranial tumors 
and describe their symptoms and _ classifi- 
cation. 

Kizelman '*? finds that there is a change 
of caliber of the vessels in brain 
tumors. He finds in 75% of the cases nar- 
rowing of the arteries and dilating of the 
veins to the extent of 25y. He states that 
they return to normal caliber after removal 
of the tumor. 


retinal 


Pressure on the visual pathway producing 
field changes from various tumors such as 
meningioma, craniopharyngioma, and chro- 
mophobe pituitary adenoma is discussed by 
Dolenek, Mikula, Klaus, and Zapletal,’** 
who enumerate aids to early diagnosis of 
intracranial tumors causing primary optic 
atrophy. 
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Pituitary adenoma, carcinoma, and cranio- 
pharyngioma are discussed by Wise, Brown, 
Naffziger, and Boldrey,'** who describe the 
symptoms and classification of 172 cases, 
with diagnosis and treatment. 

Sudden loss of vision from hemorrhage 
into pituitary adenomata is described by 
Uehlein, Balfour, and Donovan.’ 

Syphilitic gumma of the hypophysis is 
described by Frangois and The 
symptoms were bitemporal hemianopsia and 
signs of pituitary dysfunction. The visual 
loss improved with treatment. A_ patient 
with chordoma of ophthalmologic interest is 
presented by Dyson.'* History and deserip- 
tion of this rare tumor is given, with clinical 
findings. The tumor arose within the dor- 
sum sellae. 

Ophthalmological aspect of tumors of the 
temporal lobe is discussed by Schweitzer,’ 
with description of the pathognomonic symp- 
toms. The author feels that no satisfactory 
explanation exists for the presence of upper 
quadrantanopia. 

Cutler ' presents two cases and describes 
the ocular manifestations of lethal midline 
granulomata with involvement of orbital 
structures, 

Rintelen © describes the ophthalmologic 
symptoms and syndromes in cases of infra- 
tentorial cerebral tumors, with a discussion 
of the function and dysfunction of the brain 
stem and cerebellum, 

Pseudotumor cerebri is deseribed by 
Davidoff '* as a syndrome of increased in- 
tracranial pressure producing headache and 
papilledema, usually without other neurolog- 
ic manifestations. He states that the etiology 
is unknown and probably variable. The 
discussion is based on his experience with 
61 cases. 

Spontaneous hematoma of the cerebellum 
and hematoma of the fourth ventricle with 
eye symptoms are presented by Outes and 
Martino." The study of symptoms result- 
ing from cerebellar hemorrhage and the 
establishment of a syndrome which can be 
recognized early, according to the authors, 
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will prevent loss of life by timely operative 
intervention, 

Riggs and Yaskin'* describe a cranial 
nerve syndrome associated with nasopharyn- 
geal malignancy. In a series of 11 cases 
extraocular paralysis was found in all but 1. 

McBride and Elsey ™ discuss the value 
of the midline planigram for diagnosis of 
midline tumors, reporting a case of adeno- 
carcinoma of the optic chiasm. 


Injuries 


Benda and Hoessly describe birth in- 
juries and cerebral trauma in early childhood 
which produce damage to the visual system. 
Results of early surgical intervention in 
amaurosis secondary to cranial trauma are 
discussed by Martelli and Strazzi,"“' who 
advocate prompt relief of pressure on the 
optic nerve by unroofing the canal. I have, 
in my experience, never seen benefit from 
this operation insofar as vision is concerned, 
but perhaps surgery was delayed too long. 
The question of traumatic lesions of the 
chiasm is discussed by Zintz.'** There are 
usually sagittal tears from blows on the 
skull, resulting in bitemporal hemianopsia 
and neighborhood pituitary and hypothalamic 
symptoms. 

Rosenberg '** describes post-traumatic 
cortical blindness, the so-called cerebral 
blindness, with active pupils and negative 
ophthalmoscopic examination. The  ocu- 
logyric system is usually spared. Areas 17, 
18, and 19 of Broadmann may be affected 
so that visual fields may be involved and 
recognition and perception of objects may 
be faulty. The patient with cortical degener- 
ation may deny total blindness. This is 
Anton's syndrome. 


Miscellaneous 


A discussion of the association of the eye 
with the brain is presented by Kearns,’ 
who describes the effect of tumors, cardio- 
vascular disease, and multiple sclerosis upon 
ophthalmologic structures. 
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Jaeger '®° discusses eye disorders asso- 
ciated with surgical problems of the nervous 
system in an excellent presentation. 
Neuro-ophthalmological examination in 
children is discussed by Hollenhorst.'* 
Methods of visual and oculogyric examina- 
tion are described in detail. Ophthalmologi- 
cal observations in 
made by Laitinen, Miettinen, and Sula- 
maa,'*? with a review of the literature and 
description of the conditions. They conclude 
that operation has a effect. 
Gross '* gives data concerning atrophy of 
the optic nerve in turrecephaly, the result of 
inhibition of longitudinal growth of the 
brain due to defects in skull development. 


craniosynostosis are 


beneficial 


A pathologic study of a patient with 
amaurotic family idiocy is made by Shapira 
and Leight,’ in which they found lipid 
degeneration of the ganglion cells of the 
retina and central nervous system. Han- 
hart '7 presents 27 pedigrees of infantile 
amaurotic idiocy. He concludes that Jews 
are not the only ones affected and that there 
is an autosomal recessive inheritance. Other 
types of lipoidosis were not seen in these 
patients or other members of the family. 

Two patients, female siblings, are pre- 
sented with pigmentary retinal lipid neuronal 
heredodegeneration ( Spilmeyer-Vogt 
ease) by Hoffman.'7! The symptoms, he 
states, begin at about the age of 6 years. 
The author believes that the disease is a 
separate entity and hereditary process of the 
nervous retinal de- 
generation and ataxia is described by Bjork, 
Lindblom, and Wadensten.'7*? The Kayser- 
Fleischer rings found in two patients with 
hepatolenticular degeneration were examined 
and observations were made in relation to 


dis- 


system. Progressive 


the pathogenesis and clinical appearance by 
Uzman and Jakus.'™* 

Hypophysectomy is being performed in 
two conditions affecting the eyes. It has 
been done for the treatment of malignant 
edematous exophthalmos as described by 
Voisin, Albeaux-Fernet, Guiot, and Haye.'™* 
Hypophysectomy has been done with the 
hope of restoring vision in severe diabetic 
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retinopathy with retinal and vitreous hemor- 
rhages as described by Schimek,!” who re- 
ports five cases treated, with cessation of 
visual loss from ocular hemorrhage. 

Lossius '™* tells of transitory visual dis- 
turbances after ventriculography in three 
patients who experienced dimness of vision 
and left inferior homonymous quadrant- 
anopia. He believes this to be caused by 
vasomotor action on cerebral vessels. 

As this manuscript was being completed, 
the second edition of Walsh's “Clinical 
Neuro-Ophthalmology” was laid on my desk 
and as | turned the pages of this monu- 
mental work in anticipation of the great 
benefit | would derive from its contents I 
was once again overwhelmed by the extent 
of this tremendously valuable contribution. 
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News and Comment 


GENERAL NEWS 


New York Society for Clinical Ophthalmology.—The officers of the New 
York Society for Clinical Ophthalmology for the coming 1957-1958 season are 
the following: President, Harvey E. Thorpe; Vice-President, Arthur Linkz; 
Recording Secretary, Jesse M. Levitt; Corresponding Secretary, Leon H, Ehrlich; 
Treasurer, Henry M. Kera. 

Committee chairmen are the following: Program, Abraham Schlossman; In- 
structive Session, Alfred Kestenbaum; Legislative, Benjamin C, Rosenthal; Mem- 
bership, Howard Agatston; Industrial, Edward M. Douglas. 

Dr. Max Chamlin, the retiring president, was elected to the Advisory Council. 


American Ophthalmological Society Officers.-At its recent meeting the 

American Ophthalmological Society elected the following officers for the coming 
ear. President, Dr, Walter S. Atkinson, Watertown, N. Y.; Vice-President, Dr. 

Jerrick Vail, Chicago; Secretary-Treasurer, Dr. Maynard C. Wheeler, New York; 
Editor of the Transactions, Dr. Gordon M. Bruce, New York. 

Eye Section, New Jersey Academy of Ophthalmology and Otolaryngology. 

The following are the officers and directors of the Eye Section, New Jersey 
Academy of Ophthalmology and Otolaryngology, 1957-1958. 

Officers: President, Dr. Irvin Levy, Trenton, N. J.; President-Elect, Dr. 
Edward A. Atwood, Paterson, N. J.; Vice-President, Dr. Louis A. Amdur, Jersey 
City, N. J.; Secretary, Dr. Alfonse A. Cinotti, Jersey City, N. J.; Treasurer, Dr. 
Oram R. Kline Jr., Camden, N, J. 

Directors: Dr. Ralph E. Siegel, Perth Amboy, N. J., 1958; Dr. Laurence C. 
Griesemer, Elizabeth, N. J., 1958; Dr. Raymond C, Collins, East Orange, N. J., 
1959; Dr. Samuel Diskan, Atlantic City, N. J., 1959; Dr. Henry Abrams, Prince- 
ton, N. J., 1960; Dr. Vincent A. Burell, Phillipsburg, N. J., 1960. 

Past President: Dr. Charles FE. Jaeckle, East Orange, N. J. 

The above officers constitute the Council of the New Jersey Ophthalmological 
Society. 


ANNOUNCEMENTS 


Ohio State Postgraduate Course in Ophthalmology.—A_ postgraduate 
course in ophthalmology is being offered at The Ohio State University, Ohio State 
Union Building, March 3 and 4, 1958. Registration is at 8 a. m. Monday, March 3, 
1958, at Ohio Union Building, Conference Theater. The registration fee is $20.00. 
Registration by mail is desirable. Address all inquiries to William H. Havener, 
M.D., Department of Ophthalmology, University Hospital, Columbus 10, Ohio. 

The program of the course is as follows. 

Monday, March 3: Registration ; Intraocular Malignant Melanoma, Dr. William 
H. Havener, Ohio State University; Intraocular Diseases Simulating Melanoma, 
Dr. Algernon B. Reese, New York; Enucleation, Evisceration, Exenteration, Dr. 
I’. Bruce Fralick, University of Michigan; Incidence of Unsuspected Melanoma, 
Dr, Torrence A. Makley, Ohio State University; Stereoscopic Indirect Ophthal- 
moscopy for the Diagnosis of Intraocular Tumors, Dr. Charles L. Schepens, Bos- 
ton; Surgical Errors in the Management of Tumors, Dr. Fralick; dinner meeting 
with Columbus Academy of Eye, Ear, Nose, and Throat; Orbital Tumors, 
Dr. Reese. 

Tuesday, March 4: Movie, Embryology of the Eye; Principles of Lid Surgery, 
Dr. Fralick; Radiotherapy of Eye Lesions, Dr. Reese; Retinal Detachment, Dr. 
Schepens; Retinoblastoma Inheritance, Dr, Madge T. Macklin, Ohio State Uni- 
versity; Retinal Detachment, Dr. Schepens; Sinus Neoplasms, Dr. William H. 
Saunders, Ohio State University. A program has been planned for wives. 
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Association for Research in Ophthalmology: Call for Papers.—The next 
meeting of the Eastern Section of the Association for Research in Ophthalmology 
will be held in Wilson Hall of the Administration Building, at the National In- 
stitutes of Health, Bethesda 14, Md., on Jan. 16, 17, and 18, 1958. 

The first part of the meeting will consist of a symposium on electrophysiology 
of the visual system, which is planned to present a cross section of work in this 
general area. This symposium is sponsored by the National Institute of Neurologi- 
cal Diseases and Blindness and will be followed by presentation of free papers by 
nonmembers as well as members of the Society. 

Titles and abstracts of papers to be presented at this meeting should be based 
on research and not be of a clinical nature in the usual sense. Most likely, 15 
minutes will be allowed for each paper. Abstracts should be in a form suitable 
for printing in an ophthalmology journal without further editing. Forms will be 
sent on request. Publication of the papers is not required, however. Write to 
Ludwig von Sallmann, M.D., Local Chairman, National Institute of Neurological 
Diseases and Blindness, National Institutes of Health, Bethesda 14, Md. 


Postgraduate Training in India.—Sitapur l[’'ye Hospital, India, offers 
facilities for postgraduate training in ophthalmology, particularly in operative sur- 
gery, for two months at a nominal fee of $1000, which includes board and lodging. 
The course begins on Jan. 1, 1958. Apply to the Chief Surgeon, Eye Hospital, 
Sitapur, U. P., India, at an early date. 


Association for Research in Ophthalmology: Future Meetings. The 
Association for Research in Ophthalmology announces the following future meet- 
ings. Letters of intention to present papers may be immediately sent to the 
chairman of each meeting. 

Western Section: San Francisco; Nov., 1957; Levon Garron, M.D., Chairman, 
426 17th St., Oakland 12, Calif. 

Southern Section; Miami Beach, Ila.; Nov. 12, 1957; Sherman B. Forbes, 
M.D., Chairman, 706 Franklin St., Tampa 2, Fla. 

East Central Section: Cleveland; Jan. 7, 1958; Albert M. Potts, M.D., Chair- 
man, University Hospitals, 2065 Adelbert Rd., Cleveland 6. 

Eastern Section: Bethesda, Md.; Jan. 16, 17, 18, 1958; Ludwig von Sallmann, 
M.D., Chairman, National Institutes of Neurological Diseases and Blindness, 
Bethesda 14. 

Midwestern Section: St. Louis; April 21, 1958; 
Chairman, 640 S. Kingshighway Blvd., St. Louis. 

National Meeting: San Francisco; June, 1958; Lorand V. Johnson, M.D., 
Secretary, 10515 Carnegie Ave., Cleveland 6, 

With the object of reducing the number of sessions at the National meetings, 
the Board of Trustees have authorized the publication of a second supplement 
to contain papers of completed research, as presented at the Section meetings. 
Authors wishing publication in this supplement should send their completed manu- 
script and any discussion to Lorand V. Johnson, as early as possible. The ab- 
solute deadline for this supplement will be March 1. It is destred that this 
supplement, containing the membership roster and financial report for the fiscal 
year ending Dec. 31, may be published prior to the June National Meeting. 

It is not possible to hold the first interim meeting in 1958, as voted by the 


members at the annual meeting in June, 1957. The first interim meeting will be 
held in 1959. 


Bernard Becker, M.D., 
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Parsons Development 
Program 


Our 


accepted apparatus for ophthalmology 


San Francisco showrooms exhibit 


from throughout the world. In addition 
Parsons will assist physicians with 
optical and mechanical services for de- 
velopmental work. The Barkan-Koeppe 
lens is one result of this assistance. The 
Costenbader Children’s Trial Frame at 


right is another 


trial lenses. 


Instruments of ophthalmology: The Costenbader Children's Trial Frame 


CLIPS ON TO CHILD'S OWN 
Children’s Trial Frame the child becomes less disturbed because he wears 
his own frame during trial examination. Clip the adjustable Children’s 


Trial Frame on to the front of the frame. Then insert standard size 


FRAME. With the Costenbader 


Catalog on request: 


San Francisco, California 


518 Powell St. Parsons Op fical 


LABOR 


URGENT REQUEST 


The Uveitis Laboratory, University of California 
School of Medicine, San Francisco, is interested to 
obtain freshly enucleated eyes from patients with 
all types of uveitis and other endogenous inflamma- 
tions. Attempts are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in preservatives or 
frozen, but placed in a sterile bottle, packaged, and 
shipped as quickly as possible. Please send speci- 
mens air express, special delivery, collect. Enclose 
history and findings and mark the package ‘Fresh 
Tissue Specimen—Rush."’ 


A report of isolations of organisms and pathologic 
findings, including a slide, will be sent to the con- 
tributor. Credit will be given in any resulting pub- 
lications if desired. 


Telegraph collect if specimen being sent. 
Send eyes to 

Somvel Kimura, M.D., Michael J. Hogan, M.D., or 
Phillips Thygeson, M.D. 

University of California School of Medicine 

Sen Francisce 22 


Night Driving Demands 


U.S. Pat. 
OPHTHALMIC LENS COATING 


“There IS a Difference” 


Reflections from eye-glass surfaces are most distracting 
while driving at night. Light reflected between the front 
and back lens surfaces and between the cornea and lens 
surfaces intensifies the glare of oncoming headlights, reduc- 
ing the driver's visual discrimination. For easier, safer 
night driving, always prescribe Lestra-Lite. 


Origin of Ghost Images in a Myopic Eye 


FAST LESTRA-LITE Lenses processed and re- 


SERVICE turned postpaid same dey 
Write for half-coated Lestra-Lite Sample and 
Literature 


PACIFIC UniVERSAL PRODUCTS CORPORATION 


158 Vista Avenue © Pasadena 8, California 
130 Bush Street ° San Francisco 4, California 


prescription services, the 
most complete surgical 
and iagnostic showroom. 
diagnostic showroom, 
| 
| 
| Actual Imege Lens 
Ghost Imege 
} Reduction of reflection ot these surfaces... effectively subdues 
ghost images on refine 
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YOUR 
GUIDE TO 


CURRENT PUBLICATIONS 


Quarterly 


Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 
practitioners, specialists, teachers, 
editors, writers, investigators, stu- 
dents and libraries. 


CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


STALL IZED PILOCARPINE 


IN SELF- SEALING 
SELF-DISINFECTING 


surgical quality 
consistently effective 
non-allergenic 


dated — your assurance of 
sterility 
stability 
potency 


PIONEER SPECIALISTS IN BROOKLYN 17, N. Y. 
STERILE OPHTHALMIC SOLUTIONS MONTREAL — PANAMA 
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WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


FOOD ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


SKIN ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 @ ILLINOIS 


YOUR 
GUIDE TO 


CURRENT PUBLICATIONS 


Quarterly 
Cumulative 
Index Medicus 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


WITH AUTHORS 
AND SUBJECTS... 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN e CHICAGO 10 


Divided into sections, one devoted to 
books and the other to periodical literature, 
the QUARTERLY CUMULATIVE 
INDEX MEDICUS contains a list of 
current publications alphabetized 

as to authors and subjects. The exact 
bibliographic reference is given under the 
author with titles in the original language, 
while titles under subjects are all in 
English. The index also includes a listing 
of journals, addresses and publishers. 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a year; 
volumes are cloth bound and cover 
periodicals for six months as indicated 

on the publication. These two volumes will 
be a convenient and inclusive reference 

for current medical literature. Invaluable 
for practitioners, specialists, teachers, 
editors, writers, investigators, 

students and libraries. 
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THE FIRST 
“PREDNI-STEROID”— 
IN TRUE SOLUTION 


The solubility of ‘HYDELTRASOL’ (prednisolone 21-phos- 
phate as the monosodium salt) in water is 580 mg./cc 


HYDELTRASOL 


(PREDNISOLONE 21-PHOSPHATE) 


NEO-HYDELTRASOL 


(PREDNISOLONE 21-PHOSPHATE WITH NEOMYCIN SULFATE) 


Eliminates mechanical irritation—improves 
Clinical response. 


CLINICAL COMMENT; qualitf@s of predniso- 
lone phosphate appear more desirable 
those of all 


. than 
previous preparations.’ “©. . . the 
phosphate form [HYDELTRASOL] has prevented the 
local irritating effect caused by large clumping 
particles, has been more acceptable to the patients 


and has been clinically effective 
Arch, Ophth. 57:399, March 1957 


Lippmann, O., 


“HYDELTRASOL’ and ‘NEO-HYDELTRASOL' are trademarks of MERCK & CO., INC. 


% The solubility of hydrocortisone 
acetate in water is 0.01 mg./cc. 


Note cloudy white suspension above. 


% The solubility of prednisolone 
acetate is 0.01 mg./cec. Suspended 
particles (as shown above) are 


TIMES MORE 


2,000 


THAN HYDROCORTISONE* 
OR PREDNISOLONE* 


J 


SUPPLIED: Sterile Ophthalmic Solution ‘NEO-HYDELTRASOL'—each ce 
contains 5 mg. (0.5%) prednisolone 21 phosphate as sodium salt and 5 mg. 
neomycin sulfate (equivalent to 3.5 mg. neomycin base); 5-cc. and 2 5-cc. 
dropper vials. Also available as Sterile Ophthalmic Solution ‘HYDELTRASOL’ 
0.5%. Ophthalmic Ointment ‘NEO -HYDELTRASOL'—each gram contains 5 mg. 
(0.5%) prednisolone 21 phosphate as sodium salt and 5 mg. neomycin sulfate 
(equivalent to 3.5 mg. neomycin base) in a crystal clear base: 3.5-Gm_ tubes. 
Also available as Ophthalmic Ointment ‘WYDELTRASOL’ 0.5%. 
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MERCK SHARP & DOHME 
Division of MERCK & CO., inc., Philadelphia 1, Ps. 
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DVORINE 


| PSEUDO- 
'ISOCHROMATIC 
PLATES” 


OFFER THESE 
EXCELLENT 
FEATURES 


T MAKE OVERHEAD 
LIGHTS NASTY ON You 


EVES Gary 


to the ester Most modern offices and factories are 


blind from the color ignorant. equipped with the best in scientific light- 
. A special section for testing very young children and ing facilities— but, they reflect on sur- 
sire faces of glasses. These “GHOST” reflec- 
© The set contains 23 plates with eight different color : . : 
combinations, for the identification of specific con- tions are annoying and contribute to 
fusion colors. fatigue. MAY-O-LITE coated lenses can 


| “The Dvorine Color Vision Test is acceptable to the | 
| Administrator of Civil Aeronautics as a test of 1 
color vision in Civil Airmen. 


Complete Your Professional Service By Adding 


Price of set $15.00 The Best in Sight 


Less 5%, if check accompanies order ii 
SCIENTIFIC PUBLISHING CO. MAY-O-LITE 


i Coa 
Dept. A—2328 Eutaw Place os 
Baltimore 17, Maryland 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Mina. 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


FOOD ALLERGY 


by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


SKIN ALLERGY 
by Samuel M. Feinberg, M.0., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 


by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 @ ILLINOIS 


| 4 
q 
| 
aN 
Of interest to you 
THE MENACE OF ALLERGIES 


THE M-1 
STRONTIUM-90 
APPLICATOR 


For treatment of superficial corneal diseases 
by beta radiation 


Our booklet, “Radiation Therapy Sources,” offers 
valuable data on beta radiation treatment which will 
be of interest to you. It includes clinical data, indi- 
cations for treatment by irradiation, suggested dosage 
table, U. S. Atomic Energy Commission regulations, 
and a description of our improved M-1l Applicator. 


Write for it today. No obligation. 


WELLER CO. 


330 South Honore Street 
Chicago 12, Illinois 


DALLAS HOUSTON LOS ANGELES ROCHESTER, MINN. 


new 800-page book 


i) 800 pages of pertinent information on all phases 
of contact lenses. 


2) 197 illustrations, many in full color. 


More than 600 papers and textbooks cited in 
bibliography. 


Authors: Theo. E. Obrig and Philip L. Salvatori, 
well-known pioneers in the field. 


B Just published. $15 per copy. 


Send your order to: Hug Laboratories 


49 East 51st Street, New York 22, N.Y. 
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TRADEMARK 


In the past four or five years tremendous strides have been made 
in the field of contact lenses. 

The use of SPHERCON* LeNsEs for monocular aphakic cases 
alone would justify the study and fitting of contact lenses, not to 
mention the need of binocular aphakic cases. 

To employ contact lenses as a diagnostic instrument is an aid. 
Keratoconus and irregular cornea cases can be often helped by the 
proper utilization of contact lenses. 

Other uses of fitting contact lenses include: cases of distorted 
and discolored eyes (with cosmetic contact lenses); special activi- 
ties, such as sports, in which normal spectacle lenses would be a 
handicap and dangerous; various subnormal vision cases . . . 
contact lenses can be used as the ocular in the optical combination 
to create magnification. 

The use of contact lenses for cosmetic purposes cannot be over- 
looked. There are many other applications for fitting contact lenses. 
*Trademark 


‘The PLASTIC CONTACT LENS Com 
BAST MADISON BYREET + GHICAGO 


‘HOW TO PREPARE FOR SL 
COMMANDMENTS F 
GooD SLEEPING 


for rest and relaxation 


An electromagnetic detecting device that quickly 


and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- | MASTER KEY TO RESTFUL SLUMBER 
lic fragments are readily detected from a satisfac- by J F. Gibeoa 

tory distance intervening bone, tissue and 


sion and postoperative check. 


Lends precision to foreign body surgery and | 
greatly reduces surgical trauma. | 


BERMAN LABORATORIES AMERICAN MEDICAL ASSOCIATION 
112-03 Reckaway Bivd. © Oxzene Park 20, N. Y. 535 NORTH DEARBORN STREET 


CHICAGO 10, ILLINOIS 


‘ fluids. Probing or physical contact with the foreign 8 pages, 15 cents 

g body is not required for detection. | 

The thin sterilizable probe provides preoperative SO YOU CAN'T SLEEP? 
a localization, “pin-point" accuracy within the inci- by P. H. Fluck 


8 pages, 15 cents 


i 
Write us for 
a 
material oh 
“the fitting of 
of the ve 
Cc ont. act len Ses 
prac 
| The Berman Metal Locator 
Fe ; MUCH DO YOU NEED? 
3] 


Top-Grade Technical Performance 


. . . &@ Safeguard for Your Professional Skills and 
Judgment. 
{Your prescriptions, conceived from your rich fund 
of scientific knowledge laboriously developed 
through years of study, training and experience, 
are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 31 years 
of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


£. DOW, Pres. 
Chicago, Ill. Bloomington, Ill. 


SURGICAL INSTRUMENTS CO., INC, 
520 FIFTH AVENUE, NEW YORK 36, N.Y. 
ESTABLISHED 1875 


McLEAN TONOMETER 


This is a most accurate instrument for measuring intraocular pressure. 
It is simple in construction and operation, has a direct reading scale. The 
scale shows normal and abnormal limits of tension in red and black, 


Supplied in case, $55.00 
HERTEL EXOPHTHALMOMETER 


Improved over the original German model, in that it has front surface 
mirrors which do away with parallax, this exophthalmometer enables the 
examiner to measure the degree of exophthalmos accurately and rapidly 

without assistance, 


The right member slides over a calibrated millimeter rule. Each member has two mirrors mounted at 
right angles, one above the other. When the instrument is in position, with the two outer points in contact 
with the temporal margin of each orbit, the profile of the cornea is seen in one mirror and the seale in the 
other. The scale reading directly above the corneal images gives its protrusion in millimeters, 

The separation of the two members is shown on the slide. All measurements of the same case must be 
made with the members separated to the same reading on the sliding scale. 


Supplied in case. Price $55.00 
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QUALITY SERVICE 
Technical skills and 
services that will 
Ts 
LONDON PARIS 
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A foremost specialist says: | Her Best Friend 
“This tells me 


what the strabismic Can't Tell 
can do!-- 


; Your patients gain confidence 
Start, whetner eres a goo others wont notice the artificia 
chance to handle the case success- eye. They avoid feelings of in- 
fully by orthoptics. feriority in their personal life 
“I begin by finding immediately | oe friends can’t tell the 
the stage at which the strabismic is ; 
operating visually. 


Let our 105 years’ experience 


eae help you perfectly match your 

“The strabismic hasn’t had a fair Our 
chance in the past— he has been men visit most areas regularly 
diagnosed on equipment limited to to fit your patients, custom- 
a 20° field. | make eyes to match, and offer 

“But many strabismics who lack you technical assistance on dif- 
macular fusion will show third de- | ficult cases. Call or write our 
gree fusion at 30° to 40° or beyond nearest office. 


— nearly all strabismics with nor- 
mal correspondence have third de- 


© Eyes custom made— 
: gree fusion. With Keystone Color- glass or plastic 
depth Equipment I can probe for © Eyes from stock sent on 
” da de eived 
fusion as far as 60° peripherally. | Complete = a rec 
The Diagnostic Unit may be eyes 
bought separately if desired. The Artificial Eye we a og 
complete Training Unit also con- 
tains the Diagnostic Techniques, so Service © tmplonte, 
you should examine both. X-Ray therapy shields, 
( ) Please send new Bulletin showing ¢ 
how Strabismus is diagnosed and 
6 treated with Keystone Colordepth »¢ Gougelman 
ager and cae. 
4 ( ) Write or phone me to arrange for 5 Serving the Profession Since 185) 
demonstration in my office. 30 N Mic 120 € 
‘ ‘ | Chicago 2, Illinois York 22, N. Y. 
CLEVELAND DETROIT HOUSTON (Soper Bros.) 


KANSAS CITY MINNEAPOLIS ST. LOUIS 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 


il 


@ BOWL made of transparent plastic. White screen painted 


on the inside ; meridians and parallels engraved on the outside. 
iumination uniform and ajustable. 


A Ever-clear TEST OBJECT projected from the outside, the 
position of which is easy to mark. 


@ During the testing, the limits of the visual field are designed 
Straight on the bowl. After examination, they are recorded on 
special tracing paper CHARTS. Scotomas can be recorded apart, 
directly traced on the bowl, with the accuracy of a CAMPIMETER. 


Hoyse of Vision ™ 


LYON | 137 NORTH WABASH + CHICAGO 2, ILLINOIS 
FRANCE 


For a quick, easy and acurate VISUAL FIELD testing = 
3 
a” 
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IMPROVED SPECULUM 


FOR CATARACT SURGERY 
By CHARLES J. PREEFER, M.D., F.A.C.S. 


This instrument has been designed primarily to 
reduce speculum pressure on the globe. 


Shafts dre malleable, and can be shaped to fit 
the skull contour. This eliminates almost all 
downward pressure of blades. End of screw 
rests on temple, steadying the speculum, and 
further reduces weight on globe. The screw 
mechanism is outside field of operation, and 
permits steady, controlled manipulation from 
minimum to maximum operative field. Spread 
of blades is wider than on most other specula, 
with a maximum opening of 50 mm. on the 
large size. 


The speculum is available in three sizes: small, 
medium, and large. 


Sold Only Through Authorized Surgical Supply Dealers 


COMPANY 425 FOURTH AVENUE, NEW YORK 16, N. Y. 


SCHIOTZ 'TONOMETER 


Maintenance and Repair Service 


ARE YOUR TONOMETERS STANDARD? 


Many tonometers in use today do not conform to the standards of the 
Committee on Standardization of Tonometers of the 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


Most tonometers can be made to conform to these standards. 


Our service includes complete check of all parts for size, weight and friction, cleaning, pol- 
ishing, installing new parts if necessary and recalibrating on perfect 16 mm radius test block. 


All tonometers should be serviced once a year to minimize friction. 


Complete service cost is $6.00 plus cost of new parts and mechanical alterations if necessary. 
Pack well and always send FIRST CLASS MAIL. 
Tonometers not requiring mechanical alterations will be returned in two days. 


We have new certified tonometers for rental at modest cost if needed until your tonometers 
are serviced, 


Manufacturer of the Berens-Tolman Ocular Hypertension Indicator 


/ 

Non-magnetic Price: $16.00 
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GOOD NEWS for the 
sub-normal visioned. 


to 
gellan times, but 


HYPEROCULAR SPECTACLE MAGNIFIERS 


1-GARD Plastic Hyperoculars, new high-powered lenticular lenses worn monocularly 
in a spectacle frame, offer your handicapped patients these 5 important advantages 
not obtainable in other types of magnifiers. 


ugar.” CONTROLLED WORKING DISTANCE. The prob- 
lem of critical reading distance is solved by adjustable 
4 blished distancing posts against which reading matter is held. When 


CLEARER VISION. Aspherical curvatures, not avail- 
able in glass (spherical) magnifiers, permit larger magnifi- 
cation with minimum sacrifice of field and definition. See 
comparison chart. 


BEST GLASS 


8x 1-GARD 


Sx MAGNIFIER HYPEROCULAR 


ORDER TESTING 


For booklet and name of 
nearest I-Gard Distributor, write 
Dert 


MecLEOD OPTICAL CO., INC. 


357 Westminster Street 
Providence 1, R. I. 


not in use, the posts fold back. 


IMPROVED APPEARANCE. The apertures of the 4x, 
6x and 8x lenses are 40, 36 and 34 mm. respectively. The 
lenses can be glazed to cosmetic size. 


EXTREME LIGHT WEIGHT. The 8x lens weighs less 
than % oz. (8 grams) ! 


PRICELESS PROTECTION — due to the high resist- 
ance to impact of I-Gard plastic. 


SET NOW 


Testing Set 


The I-Gard Hyperocular Test- 
ing Set contains (a) three 
1-Gard Hyperocular lenses 
glazed to 40 mm. trial rims to 
permit maximum field. 
(b) a specially designed 
single celled trial 
frame with adjustable 
distancing posts, (c) 
an occluding disc. 
Complete with case, 
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JUST EVERYTHING OPHTHALMIC 
Rx SERVICE THROUGHOUT U. S. A. 
DISPENSING—REFRACTING ADJUNCTS 


*Hand Occluders 


*Beloccluders 


*Phoro-Lenscorometer 


Cataract Bifocal Loan Service *Hand Prism Sets (glass- *Portable Illum. Test Chart 
*Conacor Bifocal plastic) Prism Bar 1-40 
Contect Lenses *Hand Maddox Rods 


Prism Bar Vert. 1-25 


Gonioscopic Contact Lenses *Hand Red Glass Comb. *Prism Sets in Wallet 


Guibor Amblyscope Charts Lebensohn Aatigmomoter Red and Green Specs 
Guibor Distance Chart (E) —— Hand Reading Soft Rubber Occluder 
rr Hand Reading Card 

E 


*Lenscorometer Spec Bands 


Guibor Motility Chart *Pocket Prism Bar Stereoscopes 

(Vertical '/2-10A) *Strait Top Bifocal Trial Set 
*Hand Dual Occluder *Pocket Prism Bar Trifocal Trial Set 
*Belgard (Horizontal 3-204} Worth 4-Dot Tests 


OPHTHALMIC 
OPTICIANS 
WHOLESALE KR SERVICE 


DISPENSING SERVICE itn 
Main Office: Dilys / 
N. Wabash Ave., at Wash. 


Branch Office: 


Chicago, Illinois 1139 Central Ave., Wilmette, Il. 


in GLASS and PLASTIC 
ARTIFICIAL 


Dispensers and makers of fine eyes of plastic and glass. Eyes to fit all types of implants. 
Selections sent on memorandum from the most complete group of eyes. Careful attention 


given to all referred cases. The Doctor and his patient must be completely satisfied or 
there is no obligation. Of Service Since 1906. 


DENVER OPTIC COMPANY 


Telephone Main 3-5638 


310 University Bidg. 
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Here is the common-sense answer to the 
psychological problems of the early presbyope .. . 


THE YOUNGER BIFOCAL ™ 


Every refractionist is faced from time to time with 
the early presbyope who views multifocal lenses 
as a sign of encroaching age. While not a 
physical problem, it is nevertheless an important 
psychological one, not at all limited to those 
who by virtue of profession (such as theatrical 
people), must not show their dependence 

upon presbyopic aids. 
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After years of clinical research, laboratory 

experimentation and testing, a fool-proof form of 

invisible-segment lens has been perfected—the 
Younger Seamless Bifocal. 


. The Younger Seamless Bifocal is a one-piece 
achromatic lens with the reading curve on the 
anterior surface. The usual dividing-line formed 
by the segment edge is obliterated by a precisely- 
calculated transition curve between the 

distance and reading curves. While this transition 
area, which varies in width with the reading 
power, has no therapeutic value, neither does it 
create a disturbing factor in the patient’s vision. 


Most important from the refracting standpoint is 

the fact that a clear, sizable, prescription- 

perfect reading area is provided, with a readily- 

neutralized, undistorted distance area... and 

there is no apparent sign of the usual dividing- 
line between the two powers! 


Younger Seamless Bifocals are available in Adds 
from +0.75D to +3.00D, in White, Tint #1 

and Green #3, through your optician or 

supply house. Technical information and a demon- 
stration lens will be sent you upon request 

direct to any authorized Younger supply house. 


OUNGER 


1829 South Main Street + Los Angeles 15, Calif. 


*Mfg. Proc. Pat. Pending 
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All of 

these articles have 

appeared in TODAY'S HEALTH 
and are now available 


in one pamphlet, 


ALCOHOLISM 


an 


important 


problem 


in today’s living 


ADDRESS REQUESTS TO: 


CHICAGO 10, ILLINOIS 


ALCOHOLICS ANONYMOUS 


Written from the standpoint of a member, the basic 
treatment procedures are described and the psychological 
problems confronting the alcoholic are discussed. 


ALCOHOL AND CIRRHOSIS OF THE LIVER 


Relationship between alcohol, diet and cirrhosis. Increasing 
stress on nutritional differences. 
by Russell S. Boles 


HOW TO HELP A PROBLEM DRINKER 


Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 
by Edward A. Strecker and Francis T. Chambers, Jr. 


THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 
by Lewis Inman Sharp 


CONDITIONED REFLEX TREATMENT 

OF CHRONIC ALCOHOLISM 

Its place among methods of treatment today, 

its development and correlation with personality factors. 
by Walter L. Voegtlin 


INSTITUTIONAL FACILITIES FOR THE 
TREATMENT OF ALCOHOLISM 

Comparative differences, in drinking, with 

the last century, new establishments and methods of treatment, 
lack of trained personnel. 

by E. H. L. Corwin 


THE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW EXPERTS MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 


8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES 

A discussion of the dangers of mixing alcohol and bar- 
biturates. 

Donald A. Dukelow, 

4 pages, 10 cents | 


ORDER DEPARTMENT 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
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“/itmus LENSES... 


modern os ... for modern seeing needs 
FOCAL S 


STRAIGHT TOP STRAIGHT TOP STRAIGHT TOP STRAIGHT TOP 
20mm Seg. 22mm Seg. 25mm Seg. 28mm "M" 22mm Seg. 


STRAIGHT TOP CURVED TOP TITMUS "D” TITMUS "D" KRYPTOK 
"IN" 20mm Seg. "CT" 20mm Seg. 20mm Seg. 22mm Seg. 21'/2-23mm Seg. 


SINGLE VISION 


NORMAL SITE 22mm STRAIGHT TOP 25mm STRAIGHT TOP 28mm STRAIGHT TOP 
Single Vision E-6mm, F-7mm, G-6mm F.7mm Intermediate E-6mm, F-7mm, G-8mm 
Intermediate Intermediate 


Se TAR ACT 


SINGLE TITMUS “D” KRYPTOK LENTICULAR LENTICULAR 
Semi. Fin, 100-20.000 20 or 22mm Seg. 21'/-23 Seg. Single Vision ; 22mm Seg. 


OCCUPATIONAL MISCELLANEOUS 


KRYPTOK 


| 
a 
UNIFORM DENSITY UNIFORM OVERLAY - 

— BLENDED SEGMENT OCCLUDER 

OPTICAL COMPANY, INC., 


SLIT LAMP 


APPARATUS 


WEST GERMANY 


ON INSTRUMENT TABLE OR COM- 
POUND STAGE, the latter designed 
for electric tables or refracting units. 


Requires no adjustments. The slit 
lamp can be swung past the corneal 
microscope without interruption of 
observation. 


Can be set for five different magni- 
fications by simply turning a knob, 
without changing objectives, eyepieces, 
or the working distance. 


Maximum brilliance of the illumi- 
nating rays and sharpest possible 
definition of the microscope. images. 


Supplementary equipment, such as 
Hruby lens, gonioscope, photo attach- 
ment, etc., are available. 


ACCESSORIES 


ATTACHMENT FOR’ GONIOS- 
COPY (left) consisting of: 4-mirror 
contact glass with handle, carrier 
and rotating device. Rota-table 
prism in mount. To keep lid apart 
during examination we offer one 
each small and large lid separator. 


PHOTO ATTACHMENT (right) 
with electronic flash equipment to 
automatically photograph anterior 
segment of eye at magnifications 
of lx or 2x. 


~ Write for literature 


CARL ZEISS. INC.. 485 Fifth Avenue, New York 17, N.Y. 


Guaranteed Uninterrupted Repair Service 
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METIMYL 
METIMYD 


METIMYD 


METIMYD 
METIMYD 


METIMYD 


METIMYD 
METIMYD 


| METIMYD 
Mi MiVT) & 


METIMYD 
ophthalmic 
suspension 


prednisolone acetate and 
sulfacetamide sodium 


METIMYD 
ointment 
with neomycin 


prednisolone acetate and 
sulfacetamide sodium 
with neomycin sulfate 

* antibacterial 

antiallergic 

* anti-inflammatory 


| METIMYD 
| METIMYD 
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METIMYD 
METIMYD 
METIM\ 
MET IMD 
YD 
YPIMYD 
IMYD 


METIMYD | 
METIMYD | 


| METIMYD | 


METIMYD 
METIMYD 
METIMYD | 
METIMYD | 


METIMYT 


Mi 


| METI id 


METIMYD 
METIMYD 
METIMYD 


METIMYD 
| METIMYD | 


METIMYD 


METIMYD 


METIMYD 
METIMYD 
METIMYD 
METIMYD 
METIMYD 
METIMYD 
METIMYD 
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METIM) 
MEPIMY 
METIMYD 
METIMYD 
METIMYD 


| MEPIMYD 


METIMYD 


METIMYD 
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for inflammation, allergy, infection 


METIMYD 
ophthalmic 
suspension 


METIMYD 
ointment with 
neomycin 


combines 0.5% prednisolone acetate 
and 10% sulfacetamide sodium; 5 cc. 
dropper bottle. 


combines 0.5% prednisolone acetate, 
10% sulfacetamide sodium, and 
0.25% neomycin sulfate; Ys oz. appli- 
cator tube. 


especially for resistant allergies 


METRETON 
ophthalmic 
suspension 


standard for infection 


SODIUM 
SULAMYD 


Metimyo,® brand of prednisolone acetate and 
sulfacetamide sodium. 


MeTRETON,® brand of corticoid-antihistamine 


SULAMYD,® brand of Sulfacetamide Sodium 


combines 0.2% prednisolone acetate 
and 0.3% chlorprophenpyridamine 
gluconate; 5 cc. dropper bottle. 


Ophthalmic Solution 30%; 15 cc. 
dropper bottle. 
Ophthalmic Ointment 10%; Y% oz. 
applicator tube. 

Ophthalmic Solution 10% with 


Methylcellulose 0.5% ; 15 cc. dropper 
bottle. 
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CASE HISTORY 1 


The case history presented below demonstrates how Catarex Service helped 
the patient through the post-operative period with adequate vision. 


The extreme ease with which Rx changes can be made with CATAREX T gives 
the patient, post-operatively, the best possible vision at all times until the 
operated eye has stabilized sufficiently for the final correction. And a 
permanent lens identical to the temporary style - CATAREX D — may be 
prescribed to carry through the ophthalmologist’s work to its logical conclusion, 


Your laboratory or optician can supply you with the details 
of this splendid service. 
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TEMPORARY CATARACT 


\ Manufacturers of a 
complete line of 
quality multifocals 
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SAME THICKNESS AS AT OTHER cKnese 
_ END FOR BALANCED APPEARANCE FOR STRENGTH 


TEMPELOC HINGE PINS | 
INSTEAD OF SCREWS FOR 
LASTING ATTACHMENT TO FRONT 


WIDE, CLEAR ZYL PADDLE TIP 
FOR COMFORTABLE, SECURE FIT 


More than just another 
LURIUM Temple 


There are many fine styles of currently popular Lurium temples 
but the bonus features of Continental’s #65 place it a cut above 
the ordinary. Its appearance, rigidity and many practical features 
endear it to dispenser and wearer alike. Highlighted here are those 
features including the new TEMPELOC hinge pins which outperform 
screws in securely joining temple and front. Look them over and 
you'll agree that the #65 is a temple you can recommend 


with pleasure. 


INDIANAPOLIS 
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